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APPENDIX  A 
Official  Correspondence 


Former  Warehouse  Area  Site  Investigation 
Buckley  Air  National  Guard  Base 
Aurora,  Colorado 


Fish  and  Wildlife  Service,  Ecological  Services,  Colorado  Field  Office 
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23  January  1997 

Mr.  Lee  Carlson 
Field  Supervisor 
Colorado  Field  Office 
U.S.  Fish  and  Wildlife  Service 
P.0.  Box  25486 
Denver  Federal  Center 
Denver,  CO  80225 

Dear  Mr.  Carlson: 

Stone  &  Webster  Engineering  Corporation,  Division  of  Environmental  and  Infrastructure 
is  conducting  a  site  investigation  for  the  Colorado  Air  National  Guard  at  Buckley  Air 
National  Guard  Base  in  Aurora,  Colorado.  We  request  that  you  provide  us  with  a  list  of. 
federally  listed  threatened  and  endangered  species,  candidate,  and  species  of  concern 
potentially  occurring  or  known  to  occur  in  that  area. 

The  specific  legal  locations  in  which  we  are  interested  are  Sections  8-17  and  21-28, 
Township  4  South,  Range  66  West.  A  general  area  map  is  also  enclosed. 

Should  you  have  any  questions,  please  contact  me  at  741-7345. 


David  P.  Kane 
Terrestrial  Ecologist 


Enclosure:  Buckley  Air  National  Guard  Base  vicinity  map 
cc:  Andrew  Ellison 
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Stone  &  Webster  Engineering  Corporation 
7677  East  Berry  Avenue,  Englewood,  Colorado  80111-2137 

Tel:  303-741-7700  Fax:  303-741-7670 

Telex:  289251  303-741-7671 

Address  all  correspondence  to  P.O.  Box  5406,  Denver,  Colorado  80217-5406 


ES/CO:Specie*  Lift 
Mail  Stop  65412 


United  States  Department  of  the  Interior 

FISH  AND  WILDLIFE  SERVICE 


Ecological  Service* 
Colorado  Field  Office 
P.O.  Box  254S6 
Denver  Federal  Center 
Denver,  Colorado  80225-0207 


NOTED  FEB  2  t  1397 


FEB  1 4  1997 

Mr.  David  P.  Kane 
Terrestrial  Ecologist 

Stone  and  Webster  Engineering  Corporation 
P.O.  Box  5406 

Denver,  Colorado  80217-5406 


D.P. 

KANE 


Dear  Mr.  Kane: 


In  response  to  your  letter  of  January  23,  1997,  the  U.S.  Fish  and  Wildlife  Service  is  providing 
the  list  of  Federally  listed  species  requested  for  the  Buckley  Air  National  Guard  Base  located 
in  Aurora,  Arapahoe  County,  Colorado.  This  list  and  comments  should  be  helpful  in  your 
preparation  of  the  environmental  evaluation  of  the  project  area.  These  comments  have  been 
prepared  under  the  provisions  of  the  Endangered  Species  Act  of  1973  (ESA),  as  amended  (16 
U.S.C.  1531  et.  seq.). 

The  federally  listed  threatened  and  endangered  species  that  could  occur  at  or  visit  the  proposed 
site  include: 

Birds:  Bald  eagle,  Haliaeetus  leucocephalus,  Threatened 

Mammals:  Black-footed  ferret,  Mustela  nigripes,  Endangered 

Plants:  Ute  ladies'-tresses  orchid,  Spiranthes  dihmalis,  Threatened 

The  project  site  lies  within  the  range  of  the  Ute  ladies'-tresses  orchid.  The  Service's 
Spiranthes  Interim  Survey  Guidelines  (November  1992)  calls  for  orchid  surveys  wherever  a 
project  development  might  have  direct  or  indirect  impacts  on  the  100-year  floodplain  of  the 
South  Platte  River,  Fountain  Creek,  or  any  of  the  perennial  tributaries  to  these  streams  at  or 
below  6,500  feet  elevation.  The  Service  recommends  a  plant  survey  be  conducted  in  all 
suitable  orchid  habitat  within  the  project  site  to  determine  if  development  of  the  site  will 
impact  this  orchid.  If  it  is  determined  that  the  project  would  have  an  unavoidable  impact  on 
any  Spiranthes  population,  this  office  should  be  contacted  to  discuss  appropriate  Section  7 
consultation  requirements. 

Additionally,  any  water  depletions  to  the  South  Platte  River  system  may  need  to  be  consulted 
on  with  the  Service  as  stipulated  in  section  7  of  the  ESA.  It  has  been  determined  by  the 


Appendix  A- 2 


2 


Mr.  David  P.  Kane 

Service  that  any  depletions  to  this  river  system  will  have  detrimental  effects  on  nine  threatened 
or  endangered  species  found  in  Nebraska.  Those  species  are:  whooping  crane;  piping  plover; 
least  tern;  Western  prairie  fringed  orchid;  American  burying  beetle;  bald  eagle;  peregrine 
falcon;  Eskimo  curlew;  and  the  pallid  sturgeon. 

The  Service  also  is  interested  in  the  protection  of  species  which  are  candidates  for  official 
listing  as  threatened  or  endangered  (FfdfTfll  Register.  Vol.  56,  No.  225,  November  21,  1991; 
Vol.  55,  No.  35,  February  21,  1990).  While  these  species  presently  have  no  legal  protection 
under  the  ESA,  it  is  within  the  spirit  of  this  Act  to  consider  project  impacts  to  potentially 
sensitive  candidate  species.  It  is  the  intention  of  the  Service  to  protect  these  species  before 
human-related  activities  adversely  impact  their  habitat  to  a  degree  that  they  would  need  to  be 
listed  and,  therefore,  protected  under  the  ESA.  Additionally,  we  wish  to  make  you  aware  of 
the  presence  of  Federal  candidates  should  any  be  proposed  or  listed  prior  to  the  time  that  all 
Federal  actions  related  to  the  project  are  completed.  If  any  candidate  species  will  be 
unavoidably  impacted,  appropriate  mitigation  should  be  proposed  and  discussed  with  this 
office. 

The  list  of  Federal  candidate  species  that  could  occur  at  or  visit  the  proposed  site  include: 

Mammals:  Preble's  meadow  jumping  mouse,  Zapus  hudsonius  preblei.  Candidate 

Swift  fox,  Vulpes  velox,  Candidate  for  Listing 

Plants:  Colorado  butterfly  weed,  Gaura  neomexicana  ssp.  coloradensis.  Candidate 

Birds:  Mountain  plover,  Charadrius  montanus,  Candidate  for  Listing 

You  should  contact  the  Colorado  Division  of  Wildlife  to  address  any  concerns  it  may  have. 

The  contact  person  for  this  area  is  Dave  Weber  of  the  Denver  Office  at  (303)  291-7231.  If  the 
Service  can  be  of  further  assistance,  contact  Clay  Ronish  of  this  office  at  (303)  275-2370. 

Sincerely, 


Carlson 
Colorado  Field  Supervisor 


cc:  CDOW,  Denver,  CO  (Attn:  Dave  Weber) 

Reading  file 
Project  file 

Reference:  CUy/Species/Speclist.08 1 
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APPENDIX  B 
Boring  Logs 


Former  Warehouse  Area  Site  Investigation 
Buckley  Air  National  Guard  Base 
Aurora,  Colorado 


Boring  logs  from  direct  push  and  drilling  activities. 


This  page  intentionally  left  blank. 


Stone  &  Webster 
Engineering  Corporation 


BORING  LOG 


Boring:  FWAMW1 

J.O.:  052190061 
Sheet  of  1  of  1 


Driller:  Goodson  &  Associates 


Logged  by:  Kevin  Snyder _ 


Completed:  11/04/96 


Sample  Description 


Drill  Rig:  CME  75 


Ground  Head 
Water  Space 

(ppm/ 

depth) 


1 0.9  0- 1’  -  Topsoil,  w/roots 

@  V  1-2*  CL  -  Clay,  dry,  brittle,  complete  recovery _ 


29.2  CL  -  Fine  sandy  clay,  brown,  dry,  brittle  to  firm. 

@  3’  complete  recovery _ 

4.9  CL  -  Sandy  clay,  (fine  sand),  light  brown,  sporadic  CaC03  (?) 
@5.5’  mottling,  dry  to  slight  damp. 

4.9’  recovery 


3.4  @  9-9.2’  SP  -  Med.  Grained  Sand/Clay  Mixture-SC 

1 1.5’  9.2-14  CL  -  Very  fine  sandy  clay  grading  to  silty  clay  with 

depth,  brown,  reddish/purple  rust  staining  throughout,  dry, 
brittle 

complete  recovery 


CL  -  Silty  clay,  gray,  intermixed  with  thin  layers  of  clay, 
brown,  dry,  brittle  to  stiff. 


16.5’  complete  recovery 


19- 20’  CL  -  Silty  clay,  gray,  dry,  very  brittle 

20- 23.7’  CL  -  Silty  clay,  purple/rust  color,  dry,  firm. 
4.7’ recovery 


3.0  @  CL  -  Silty  clay,  gray,  intermixed  with  thin  layers  of  fine  sandy 

26.5’  clay,  grades  to  clay  at  bottom  of  core,  dry,  brittle. 

3’  recovery 


1 1 .6  29-30’  CL  -  Fine  sandy  clay,  light  brown,  dry 

@  30-32’  SC  -  Clayey  sand,  white  CaC03  (?)  mottling  at  bottom 

31.5’  of  core,  dry 
3’  recovery 


4.5  @  34-36’  CL  -  Medium  sandy  clay,  dry  to  damp, 

35’  36-38.1’  SC  -  Clayey  Sand,  light  brown,  moist 

4.1’  recovery 

Boring  terminated  @  39’. 

Dry  Boring. 


Approved: 


file:  MW1.LOG  Northing:  1689462.266  Easting:  327101.205 
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Stone  &  Webster 
Engineering  Corporation 


BORING  LOG 


Boring:  FWAMW2 

J.O.:  052190061 
Sheet  of  1  of  1 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


Driller:  Goodson  &  Associates 


Logged  by:  Kevin  Snyder 


Started:  11/04/96  |  Completed:  1 1/04/96 


Sample  Description 


Drill  Rig:  CME  75 


Ground  Head 
Water  Space 
(ppm/ 
depth) 


0.6  @  0-1’-  Topsoil,  w/roots  and  organic  matter,  brown 

1  *  1-2’  CL  -  Sandy/Silty  clay,  dry,  brittle,  complete  recovery 


CL  -  Clay,  brown,  white  CaC03  (?)  mottling,  very  dry, 
brittle,  complete  recovery 


CL  -  Silty  clay,  light  brown,  white  CaC03  (?)  mottling 
throughout,  dry,  brittle. 

4.3’  recovery 


6.7  @  9-13.2’  CL  -  Silty  clay  with  CaC03  (?)  mottling  (same  as 

11.5’  above),  dry,  brittle 

13.2-14  SC  -  Clayey  sand,  (fine  to  medium  grained  sand),  dry 
complete  recovery 


4.6  @  14-14.3’  SC  -  Clayey  sand  (same  as  above). 

15’  14.3-15’  Sandy  siltstone,  dry,  drilling  refusal. 


Boring  terminated  @15’  bgs. 
Dry  Boring. 


_ Approved: 

fileiMW2.LOG  Northing:  1690396.854  Easting:  3206252.589 
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Stone  &  Webster 
Engineering  Corporation 


Boring:  FWAMW3 

BORING  LOG 

J.O.:  052190061 

Sheet  of  1  of  1 

Site  Buckley  Former  Warehouse  Area  Site  Investigation 
Driller:  Goodson  &  Associates  |  Drill  Rig:  CME  75 


Ground  Head 
Water  Space 

(ppm) 


Started:  11/04/96  I  Completed:  1 1/07/96 


Sample  Description 


0-1’-  Topsoil,  w/roots,  moist 

1-2’  CL  -  Clay,  dry,  brittle,  complete  recovery _ 


CL  -  Sandy  (fine)  Clay,  light  brown,  lean,  brittle,  dry,  CaC03 
mottling,  complete  recovery  _ 


CL-  Silty  clay,  brittle  to  firm,  grading  to  darker  to  loam  clay 
(LC),  CaC03  (?)  mottling  abundant  in  upper  8”  of  core,  no 
mottling  observed  at  bottom  of  core,  dry 

4.3’  recovery  _ 


CL-  Silty  clay,  brittle  to  firm,  dry,  lean,  trace  of  CaC03  (?) 
mottling  at  11.5* 
complete  recovery 


14M6’  CL  -  Silty  clay,  same  as  above, 

16’-18’  SP  -  Medium  sand,  moist 
18’-18.5’  CL  -  Silty  clay,  moist 

18.5’  -  18.7’  SP  -  Fine  to  medium  sand,  Fe  staining,  moist 
4.7’  recovery 


19’  - 19.2’  SP  -  Fine  to  medium  sand,  moist 
19.2’  -  24’  CL  -  Silty  clay,  brittle  to  firm,  iron  staining, 
becomes  drier  with  depth  (moist  to  damp), 
complete  recovery 


Boring  terminated  @  24’  bgs. 


file:  MW3.LOG  Northing:  1690406.393  Easting:  3207022.889 
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Stone  &  Webster 
Engineering  Corporation 


BORING  LOG 


Boring:  FWAMW4 

J.O.:  052190061 
Sheet  of  1  of  1 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


Driller:  Goodson  &  Associates 


Drill  Rig:  CME  75 


Ground  Head 
Water  Space 

(ppm/ 
depth) 


0.0 


Logged  by:  Katie  Maroney 


Started:  11/07/96  Completed:  11/07/96 


Sample  Description 


0-1.5’  -  Topsoil,  w/roots,  dry 

1.5-2’  CL  -  Clay,  dry,  brittle,  light  brown,  complete  recovery 


2.-4  CL  -  Clay,  (same  as  above),  some  CaC03  (?)  mottling 
complete  recovery 


CL  -  Clay,  dry,  brittle,  light  brown,  some  CaC03  (?)  mottling, 
and  iron  staining, 
complete  recovery 


9’-12’  CL  -  Clay,  (same  as  above),  dry 
12’-14’  SP  -  Medium  to  fine  sand,  brown,  dry 
complete  recovery 


14’-15’  SP  -  Medium  to  fine  sand  (same  as  above),  dry 
15M9’  CL  -  Clay,  light  brown,  dry,  brittle,  some  CaC03(?) 
mottling  and  iron  staining 
complete  recovery 


19  -22  CL  -  Clay  (same  as  above)  dry,  light  brown,  dry 
22 ’-24’  CL  -  Clay,  gray,  dry,  brittle 
complete  recovery 


CL  -  Clay,  gray  (same  as  above),  dry 
4’  recovery 


29’-3 1’  -  CL  -  Clay  (same  as  above),  dry 
3 1  ’-32’  -  SP  -  Fine  sand,  dry 
32’-34’  -  CL  -  Clay,  gray,  dry,  brittle 
complete  recovery 


CL  -  Clay,  gray,  dry,  brittle,  thin  layers  of  purple  clay 
complete  recovery 


Boring  terminated  @  39’  bgs. 


_ _ _ _  Approved: 


file:  MW4.LOG  Northing:  1690406.259  Easting:  3207402.664 
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Stone  &  Webster 
Engineering  Corporation 


BORING  LOG 


Boring:  FWAMW5 

J.O.:  052190061 
Sheet  of  1  of  1 


Driller:  Goodson  &  Associates 


Logged  by:  K.  Maroney/K.  Snyder 


Completed:  11/08/96 


Sample  Description 


Drill  Rig:  CME  75  _ 


Ground  Head 
Water  Space 

(ppm/ 

depth) 


0.4  SC  -  Clayey  Sand,  (Med.  to  fine  sandy  topsoil),  brown, 
w/roots,  dry,  brittle,  complete  recovery _ 


0.0  SC  -  Clayey  Sand,  brown,  dry 

complete  recovery  _ 


0.0  4’-6’  SP  -  Medium  to  fine  sand,  brown,  dry. 

6’-7’  CL  -  Sandy  clay,  brown,  dry,  brittle 
3’  recovery 


0.0  CL  -  Sandy  clay,  (same  as  above),  CaC03  mottling,  dry 
complete  recovery 


CL  -  Sandy  clay,  (same  as  above),  CaC03  mottling,  dry 
complete  recovery 


CL  -  Sandy  clay,  (same  as  above),  CaC03  mottling,  dry 
4’  recovery 


24’-28.55  CL  -  Sandy  clay,  (same  as  above),  CaC03  mottling 
28.5’-29’  SP  -  Fine  sand,  brown,  dry 
4’  recovery 


29’-29.5’  SP  -  Fine  sand,  brown,  dry  (same  as  above) 
29.5’-32’  CL  -  Clay,  gray,  brittle,  dry,  w/  iron  staining 
32’-34’  SP  -  Fine  sand,  brown,  dry 
complete  recovery 


CL  -  Silty  Clay,  light  brown,  dry,  brittle 
4.8’  recovery 


boring  terminated  @39’  bgs 


Approved: 


file:  MW5.LOG  Northing:  1689276.112  Eastmg:  3206150.029 
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Stone  &  Webster 
Engineering  Corporation 


BORING  LOG 


Boring:  FWAMW6 

J.O.:  052190061 
Sheet  of  1  of  1 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


Driller:  Goodson  &  Associates  Drill  Rig:  CME  75 


Elev.  Depth  Samples  Ground 

(ft)  bgs  (ft)  Water 

Type  I  Number 


Logged  by:  Kevin  Snyder 


Started:  11/08/96  Completed:  1 1/08/96 


Sample  Description 


ss  MW6-1 


ss  I  MW6-2 


CL  -  Sandy  clay  topsoil,  light  brown,  very  dry,  brittle 
organic  matter,  complete  recovery 


CL  -  Sandy  clay,  light  brown,  very  dry,  brittle 
complete  recovery 


CL  -  Sandy  clay,  brittle  to  firm,  grading  to  brown  lean  clay  @ 
-5.5  ft,  white  CaC03  mottling,  dry  to  damp 
4’  recovery 


0.2  @  9’-12.5’  CL  -  Brown,  lean  clay,  dry  to  damp 

11.5’ 

12.5-13.5  CL  -  Sandy,  fine  to  medium  grained  clay,  dry  to 
damp. 

4.5’  recovery 


0.3  @  14’-18’  CL  -  Very  sandy  clay,  fine  to  very  fine  sand,  light 

16.5’  brown,  damp  grading  to 

1 8’-19’  CL  -  Clay,  dark  brown,  dry  to  damp,  firm,  with  white 
CaC03  (?)  mottling, 
complete  recovery 


CL  -  Silty  clay,  light  brown  and  gray,  dry  to  damp,  brittle 
2.3’  recovery. 


CL  -  Silty  clay,  light  brown,  mica  grains  visible,  brittle  to 
firm,  dry  to  damp  -  moist  at  bottom  6” 
complete  recovery 


29’-29.5’  -  CL  -  Silty  clay,  soft  to  stiff,  wet 

29.5-33.2’  -  CL  -  Clay,  light  brown  with  iron  staining,  damp 

to  dry. 

4.2’  recovery 


Boring  terminated  @  34’  bgs. 


_ _ Approved: 


file:  MW6.LOG  Northing:  1689818.742  Easting:  3205587.689 
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Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 
Driller:  Goodson  &  Associates  |  Drill  Rig:  CME  75 


Elev.  Depth  Samples  Ground  Head 

(ft)  bgs  (ft)  Water  Space 

Type  |  Number  (ppm/ 

depth) 


Boring:  FWAMW7 

BORING  LOG 

J.O.:  052190061 

Sheet  of  1  of  1 

MW7-1 


MW7-2 


MW7-3 


9-14  I  ss  MW7-4 


ss  MW7-5 


_ |  Logged  by:  Kevin  Snyder _ 

Started:  1 1/08/96  I  Completed:  11/08/96 


Sample  Description 


1.6  CL  -  Sandy  clay  (topsoil),  tan,  organic  matter,  very  dry, 
brittle, 

@  I’  complete  recovery _ 


CL/SC  -  Sandy  clay,  very  fine  sand,  tan  to  brown,  very  dry, 
brittle  to  firm,  white  CaCQ3  mottling,  dry,  1.6’  recovery 


CL  -  Sandy  clay  to  clay,  fine  sand,  light  brown  to  gray, 
dry  to  damp,  firm  white  CaC03  mottling, 

4.2’  recovery 


0.6  @  CL  -  Silty  clay  with  fine  sand,  brown  to  gray, 
1 1 .5’  dry  to  damp,  firm, 
complete  recovery 


0.9  @  14’-17’  -  CL  -  Clay,  light  brown,  brittle  to  firm,  damp 

18’  17’-18’  -  SC  -  Clayey  sand,  moist 

18’- 19’  CL  -  Clay,  dark  brown  to  purple,  damp,  firm, 
complete  recovery 


0.8  @  CL  -  Silty  clay,  light  brown  to  gray,  dry,  brittle 
21’  4’ recovery. 


Approved: 


file:  MW7.LOG  Northing:  1689906.097  Easting:  3205705.091 
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Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


Driller:  Goodson  &  Associates  I  Drill  Rig:  CME  75 


Recov  Head 

ery  Space 

(ppm) 


Boring:  FWAPZ1 


BORING  LOG 


J.O.:  052190061 
Sheet  of  1 
ofl 


Logged  by:  Kevin  Snyder 


Started:  10/30/96  Completed:  10/30/96 


Sample  Description 


ss  PZ1-2  I  2’ 


ss  PZ 1  - 1  1.8’  ND  CL  -  Light  brown/brown  topsoil  (w/some  organic  matter), 

1.8’  recovery 


ND  CL/ML  -  Light  brown  clay,  moist,  stiff 
complete  recovery 


ss  PZ  1  -3  4.3  ’  ND  ML/CL  -  Clay,  stiff,  dry,  with  (CaC03  ?)bands  and  very  fine 

sands. 

4.3’  recovery 


9-14  _  ss  PZ1-4  4.25’  ND  CL  -  Clay,  light  to  moderate  brown,  stiff,  with  CaC03  bands 

as  described  above. 

4.25’ recovery 


9-24  ss  PZ1-6 


ss  I  PZ1-5  13.9’  I  ND 


CL  -  Clay,  medium  dark  brown,  stiff 
>  1”  needle  crystal  structure  layer  at  19’  -  gypsum/caliche  ? 

Groundwater  19’  bgs. 

3.9’  recovery 


SC  (.9’),  -  Clayey  sand,  moist,  over  clay,  stiff  (CL). 
3.7’  recovery 


ss  PZ1-7  2.9’  ND  CL  (.9’)  Clay,  light  brown,  damp. 

CL  -  Silty  clay,  gray,  very  dense,  dry. 
2.9’  recovery 


ss  PZ1-8  2.9’  ND  CL  -  Sandy  clay,  light  brown,  very  firm,  dry 

2.9’  recovery 


_ _  _ Approved: 


file:  PZ1.LOG  Northing:  1689256.965  Easting:  3205632.808 


Appendix  B-8 


Stone  &  Webster 
Engineering  Corporation 

Site  Buckley  Former  Warehouse  Area  Site  Investigation 
Driller:  Goodson  &  Associates  |  Drill  Rig:  CME  75 


Elev.  Depth  S 

(ft)  bgs  (ft) 

Type 


Boring:  FWAPZ2 

BORING  LOG  J  ° :  <*2190061 

Sheet  of 

_ _ _ of _ 

|  Logged  by:  Kevin  Snyder 
Started:  10/20/96  |  Completed:  10/21/96 


Head 

Space 

(ppm) 


Sample  Description 


ML/CL  -  r  topsoil,  dry  light  brown,  silty  clay,  firm 
Complete  recovery _ 


ML/CL  -  light  brown  (12”)  over  brown  silty  clay/silt  with 
fine  sand,  CaC03  cementation  in  lower  12”,  very  dry,  firm 


ML/CL  -  silty-sandy  clay  or  silty  clayey  fine  sand,  over  - 
partially  cemented  stiff  silty-sandy  clay  (CL),  very  dry,  light 
brown  silty 

2.5’  recovery  _ _ 


CL  -  Silty  clay,  light  brown/gray  with  partially  cemented 
sands,  dry,  firm, 
complete  recovery 


CL  -  Silty  clay,  green  to  light  brown,  firm  to  stiff,  dry 
to  moist,  grading  to  silty-clayey  sand  @  18’,  moist  to  wet,  rust 
color,  (groundwater  @  -  12  feet  within  silty-clayey  sand  lens) 
complete  recovery 


SM/SC  SM/CL  -  0.3’  Silty-clayey  sand  mixture  ,rust  brown, 
over  13’  silty  clay  (CL)  over  1*  silty  clayey  sands,  over  firm 
lean  clays,  sands  are  light  brown  and  wet,  clay  is  brown  and 
moist. 

4’  recovery  _ 


CL  -  silty-sandy  clay  (3’)  light  to  rust  brown,  moist  to  dry, 
firm.  Silty  clay  (lower  2’),  brown  to  gray,  dry,  firm, 
complete  recovery 

borehole  allowed  to  make  water  overnight  (10/20  to  10/21) 


CL/CH  -  light  brown  clay  (2’)  saturated.  Light  brown  clay 
(2’),  moist  to  dry,  firm.  Dark  brown  clay  (l5),  very  stiff, 

(very  weathered  bedrock  ?) 
complete  recovery 

Borehole  terminated  at  34  feet  bgs  _ _ 


Approved: 


file:  PZ2.LOG  Northing:  1689829.640  Easting:  3206140.113 


Appendix  B-9 


Boring:  FWAPZ3 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


Driller:  Goodson  &  Associates  Drill  Rig:  CME  75 


Elev.  Depth  Samples  Recov  Head 

(ft)  bgs  (ft)  ery  Space 

Type  I  Number  (ppm) 


ss  PZ3-1 


BORING  LOG 


J.O.:  052190061 
Sheet  of  1 
of  1 


Logged  by:  Kevin  Snyder 


Started:  10/31/96  |  Completed:  10/31/96 


bPace  Sample  Description  * 

(PPm) _ 


ND  SM  -  1 5  topsoil  over  fine  silty  sand,  light  brown,  dry. 
complete  recovery 


ND  SM  -  0.7’  fine  silty  sand,  light  brown,  over  silty  clay  (ML), 
light  brown,  firm  with  CaC03  mottling,  complete  recovery 


CL  -  Silty-Sandy  Clay,  dry,  with  CaC03  (?) 

mottling 

4.T  recovery 


CL  -  V  silty-sandy  clay,  light  brown,  over  intermixed  clay 
and  sand  lenses  (>  1”  thick),  light  brown  to  light  gray,  dry. 
bottom  0.5’  clay. 

4.4’  recovery 


CL/CH  -  Interbedded  clay  light  brown  to  rust  (plastic), 
intermixed  with  silty-sandy  clay,  gray,  dry,  damp  beyond  15 
bgs/ 

complete  recovery 


CL  -  Silty  clay  (1’),  brown  to  rust,  CaC03  mottling,  underlain 
by  sandy  clay,  light  brown 
complete  recovery 


CL  -  Silty-sandy  clay  transitioning  to  silty-clayey  sand  (SC) 
@  27-28  ft  bgs,  damp  to  moist,  underlain  by  clay  (CL),  gray 

complete  recovery 


CL/SC  -  Silty-sandy  clay,  light  brown,  damp  to  moist, 
complete  recovery. 


Borehole  terminated  @  34’  bgs. 


_ Approved: 


file:  PZ3.LOG  Northing:  1690386.630  Easting:  3205731.066 


Appendix  B-10 


Stone  &  Webster 
Engineering  Corporation 


BORING  LOG 


Driller:  Goodson  &  Associates 


Elev.  Depth  S 

(ft)  bgs  (ft) 

Type 


5543.  ss  PZ4-1  2’ 

39 


Drill  Rig:  CME  75 


Recov  Head 

ery  Space 

(ppm) 


1.3 


Boring:  FWAPZ4 

J.O.:  052190061 
Sheet  of  1 
of  2 


Logged  by:  K.  Snyder/A.  Ellison 


Completed:  11/12/96 


Sample  Description 


Topsoil  with  vegetation  and  organic  material 
complete  recovery _ _ _ 


SC  -  predominately  sand  with  clay,  light  brown,  very  dry, 
loose  sand,  brittle  clay,  complete  recovery 


CL  -  sandy  clay,  brown,  medium  to  fine  sand,  gray,  white 
CaC03  mottling,  damp,  firm. 

4.3’  recovery 


ss  PZ4-4  4Jp  ND  CL  -  Clay  to  silty  clay,  light  brown  and  gray/green,  rust  with 

white  CaC03  mottling,  calcite/gypsum  crystals,  damp 
4.8’  recovery 


ss  PZ4-5  5’  ND  CL  -  Clay,  medium  placticism  -  Upper  4’  same  as  above 

lower  V-  sandy  clay,  light  brown,  w /  calcite/gypsum  crystals 
complete  recovery 


19-21’  CL  -  sandy  clay,  mica,  light  brown,  fine  sand 
21-23’  CL/SC  -  sandy  clay,  medium  grained,  grading  to 
clayey  sand,  moist  to  wet,  fine  grained 

complete  recovery 


CL  -  silty  clay,  brown  to  gray,  brittle  to  firm,  damp, 
complete  recovery 


PZ4-8  5’  ND  CL  -  silty  clay,  same  as  above 

complete  recovery 


ss  I  PZ4-9  I  5 


5504.  I  39-44  I  ss  1  PZ4-10  I  5’ 


CL  -  silty  clay,  same  as  above 
complete  recovery 

borehole  allowed  to  make  water  overnight  -  no  water  made 


CL  -  fine  sandy  clay,  medium  plasticity,  mica,  dry,  brittle  to 


Approved:  Date: _ 


Appendix  B-l  1 


Boring:  FWAPZ4 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


Driller:  Goodson  &  Associates  Drill  Rig:  CME  75 


Elev.  Depth  Samples  Recov  Head 

(ft)  bgs  (ft)  ery  Space 

Type  |  Number  (ppm) 


BORING  LOG 


J.O.:  052190061 
Sheet  of  2 
of  2 


Logged  by:  K.  Snyder/A.  Ellison 


Started:  11/01/96  Completed:  11/12/96 


Sample  Description 


firm  (top  4’),  bottom  1*  very  stiff,  complete  recovery 


CL/CH  -  Clay,  medium  plasticity  and  silty  clay,  light 
brown/gray,  dry,  brittle,  very  small  %  sand  within  clay, 
complete  recovery 

Borehole  allowed  to  make  water  for  several  days,  small 
amount  of  water  in  boring 


50-50.5’  SC  -  Silty  sand,  moist  (not  wet),  40%  silt,  fine  sand, 
well  sorted 

49-52’  CL  -  Silty  clay  (w/  SC  lenses  described  above),  light 
brown/gray,  damp,  15%  silt,  5%  fine  sand, 

52-54’  Clay,  dark  brown,  5%  silt,  very  stiff,  silty  sand  lens  < 
0.5”  thick.  Complete  recovery. 


Borehole  terminated  at  54’  bgs. 


_ _  Approved: 

file:  PZ4.LOG  Northing:  1689856.276  Easting:  3207179.122 


Appendix  B-12 


Boring:  FWAPZ5 

Stone  &  Webster 
Engineering  Corporation 

BORING  LOG 

J.O.:  052190061 
Sheet  of  1 
of  1 

Site  Buckley  Former  Warehouse  Area  Site  Investigation 

|  Logged  by:  Kevin  Snyder 

Driller:  Goodson  &  Associates  |  Drill  Rig:  CME  75 

|  Started:  10/31/96  |  Completed:  11/01/96 

ery  Space 
(ppm) 


Sample  Description 


0-1’-  Topsoil, 

1-2’  -  CL  -  Clay,  brown,  dry,  brittle.  Complete  recovery 


ND  CL  -  Silty  clay,  light  brown,  white  CaC03  (?)  mottling  over 
lower  1.5*.  Bottom  of  boring  @  4’  on  10/31/96  (end  of  day) 


1.5  to  CL  -  Sandy  clay,  decreasing  sand  content  with  depth,  tan 
40. 1  to  light  brown,  dry,  brittle  to  firm 

@  4.5’  recovery 

~7ft. 


9-12’  -  CL  -  Clay,  light  brown,  damp,  lenses  of  CaC03  (?) 
staining. 

12-13.5’  -  CL  -  Sandy  clay,  moist 
13.5-14.0  -  CL  -  Clay,  moist 

complete  recovery  _ 


14-15.5’  -  CL  -  Sandy  clay,  light  brown,  moist,  transitional  to 
15.5  -  17.9’  SC  -  Clayey  sand,  moist  to  wet 

3.9’  recovery 


19- 20’  -  CL  -  Sandy  clay,  less  sand  w/depth,  dry,  transition  to 

20- 24’  -  CL  -  Clay,  medium  plasticism  w./little  %  sand,  tan, 
dry,  brittle  to  firm. 


4.1’  recovery 


Boring  terminated  @  24’  bgs. 


Approved: 


file:  PZ5.LOG  Northing:  1690402.858  Easting:  3206639.136 


Appendix  B-13 


Boring:  FWAPZ6 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


BORING  LOG 


Driller:  Goodson  &  Associates 


Elev.  Depth  S 

(ft)  bgs(ft) 

Type 


Drill  Rig:  CME  75 


Recov  Head 

ery  Space 

(ppm) 


ND 


J.O.:  052190061 
Sheet  of  1 
ofl 


Logged  by:  Kevin  Snyder 


Started:  11/01/96  Completed:  11/01/96 


Sample  Description 


Topsoil 

Clay  with  roots,  complete  recovery. 


CL  -  Fme  sandy  clay,  light  brown,  very  dry,  brittle,  upper  1” 
of  core  contains  topsoil,  complete  recovery 


CL  -  Fine  grained  sandy  clay,  light  brown,  CaC03 
mottling  near  bottom  of  core,  very  dry,  brittle  to 
firm. 

2.9’  recovery 


9- 10’  CL  -  Sandy  clay,  light  brown,  dry,  transitioning  to: 

10- 14’  CL  -  Clay,  medium  plasticism  over  less  sandy  clay, 
dry  to  moist 

complete  recovery 


CL  -  Clay,  medium  plasticism  interlayered  with  silty  clay,, 
light  brown,  moist,  brittle 

complete  recovery 


CL  -  Clay,  medium  plasticism  and  silty  clay,  same  as  above, 
rust  colored  stained  sections,  damp  to  moist 


complete  recovery 


24-26.7’  -  CL  -  Clay  and  silty  clay,  brittle  to  stiff  same  as 
above 

26.7-27.0  -  SC  -  Clayey  sand,  fme  to  medium  grained  sand, 
partially  cement,  very  hard,  damp  to  moist 
3’  recovery _ 


CL  -  Sandy  clay  medium  plasticism,  fine  grained  sand,  brittle, 
to  firm,  damp 
3.1’  recovery 


ss  PZ6-9  5’  ND  SC  -  Clayey  sand,  fine  to  medium  grained  sand,  light  brown, 

wet  to  saturated, 
complete  recovery 


Borehole  terminated  @  39’  bgs. 


_  Approved:  Date: 


file:  PZ6.LOG  Northing:  1690413.121  Easting:  3207790.642 


Appendix  B-14 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


Driller:  GEO  Environmental/J.  Steerman  I  Geoprobe 


Elev.  Depth  Samples  Recov 

(ft)  bgs  (ft)  ery 

Type  I  Number  (%) 


BORING  LOG 


Boring:  FWASB01 

J.O.:  052190061 
Sheet  oflofl 


_ |  Logged  by:  Andrew  Ellison _ 


Started:  10/23/96  Completed:  10/23/96 


Sample  Description 
(Located  on  north  side  of  USTs) 


0-2’  ML  -  Sandy  silt,  10%  granules,  well  graded  fine  sand, 
angular  grains,  non-plastic,  dry,  yellowish  red  with  white 
CaC03  (?)  mottling. 


2-4’  ML  -  Sandy  silt,  15%  granules,  poorly  graded  sand, 
angular  grains,  dry,  non-plastic,  yellowish-red  with  white 
CaC03  (?)  mottling. 


4-6’  ML  -  Sandy  silt,  (same  as  above),  5%  granules,  gravel 
in  sample  (fill?). 


6-8’  ML  -  Sandy  silt,  (same  as  above),  5%  granules, 
quartz,  feldspar,  dry. 


8-10’  ML  -  Sandy  silt,  slight  coarser  sand  than  above,  10% 
clay,  more  sorted  than  above,  non-plastic,  dry,  less  white 
CaC03  (?)  mottling,  quartz,  mica,  feldspar  grains,  strong 
brown 


10-12’  CL  -  Silty  Clay,  low  plasticity,  20  to  40%  silt, 
reddish-brown  w/  reddish-yellow  mottling,  Mn  oxide 
dendrites 


Borehole  terminated  @  12  feet.  Sampling  rods  could  not 
recovered  from  boring  with  current  equipment.  No 
Samples  Collected  From  Boring. 

Boring  redrilled  and  sampled  on  10/30/96. 


Approved: 


file:  SBOl.LOG  Northing:  1689837.002  Easting:  3205833.578 


Appendix  B-15 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


Driller:  GEO  Environmental/J.  Steerman  I  Geoprobe 


Elev.  Depth 
(ft)  bgs(ft) 


BORING  LOG 


Boring:  FWASBOla 

J.O.:  052190061 
Sheet  of  1  of  3 


j 

Samples 

Recov 

Head 

ery 

Space 

Type 

Number 

(%) 

(ppm/ 

depth) 

ss 

FWASB01 

o 

o 

Logged  by:  Andrew  Ellison 


Started:  10/30/96  Completed:  11/01/96 


Sample  Description 
(Located  on  north  side  of  USTs) 


0-1’  ML  -  Silt,  slightly  plastic,  high  organic  content,  dry  to 
slightly  moist,  5%  gravel  (fill  material)  poorly  graded 


1-2’  CL  -  Silty  clay,  slightly  plastic,  brown,  dry,  5% 
granules,  while  CaC03  mottling 


2-4’  ML  -  Sandy  silt,  well  graded,  dry,  brown  w/  white 
CaC03  mottling, 


4-6’  ML  -  Sandy  silt,  same  as  above,  dry  to  slightly  moist, 
brown  dries  to  white  ,  10%  granules,  20%  fine  sand,  silt, 
feldspars,  mica,  quartz,  white  (CaCQ3)  nodules. 


6-8’  ML  -  Sandy  silt,  same  as  above 


8-9’  ML  -  Sandy  silt,  same  as  above 


9-12  CL  -  Silty  clay,  moderately  plastic,  dry,  dark  brown, 
Mn02  nodules,  5%  granules, 


decreasing  silt  and  increasing  sand  content,  stiff,  dark 
brown,  white  CaC03  nodules 


FWASB01  100 
-12 


12-12.4’  ML  -  Sandy  silt,  dry,  brown,  poorly  graded 


12.4-15’  CL  -  Silty  clay  similar  to  above,  moderately 
plastic,  dry  to  slightly  moist 


~14  to  15’  -  Fuel  (diesel)  staining  -  black  to  gray  within 
clay 


15-16  SM  -  Silty  sand,  well  graded,  orange  (possible  Fe 
staining),  feldspars,  quartz,  mica 


_  _  Approved: 


file:  SB0 1  A.LOG Northing:  1689837.0002  Easting:  3205833.578 


Appendix  B-16 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 
Driller:  GEO  Environmental/J.  Steerman  I  Geoprobe 


Elev.  Depth  Samples  Recov  Head 

(ft)  bgs  (ft)  ery  Space 

Type  I  Number  (%)  (ppm/ 


Boring:  FWASBOla 

BORING  LOG 

J.O.:  052190061 

Sheet  of  2  of  3 

j  Logged  by:  Andrew  Ellison _ 

Started:  10/30/96  I  Completed:  11/01/96 


Sample  Description 


(ppm/ 

depth) 


20-21.4’  CL  -  Silty  clay,  15%  slit,  5%  granules,  wet 


21.4-22.5’  SP  -  Sand,  poorly  graded,  15%  silt,  5%  clay, 
wet 


22.5-24’  CL  -  Silty  clay,  5%  granules,  yellow  and  gray 
mottling,  wet 


24-28’  No  recovery,  sampling  rods  break,  fishing  tool  used 
to  recover  rods. 

Sampling/boring  stopped  for  the  day  (10/30/96) 


Sampling  @  28’  resumes  on  1 1/01/96  (water  in  boring) 


28-28.5’  CL  -  Silty  clay,  poorly  graded,  10%  silt,  >  5% 
fine  sand,  moist,  brown  w/  yellow  mottling,  veiy  stiff. 


Approved: 


file:  SB01A.LOG Northing:  1689837.002  Easting:  3205833-578 


Appendix  B-17 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


Driller:  GEO  Environmental/J.  Steerman  Geoprobe 


Elev. 


BORING  LOG 


Boring:  FWASBOla 

J.O.:  052190061 
Sheet  of  3  of  3 


Logged  by:  Andrew  Ellison 


Started:  10/30/96  |  Completed:  11/01/96 


samples 

Recov 

Head 

ery 

Space 

Type 

Number 

(%) 

(ppm/ 

depth) 

ss 

FWASB01 

25 

Sample  Description 


32-32.5’  CL  -  Silty  clay,  same  as  above,  VERY  stiff. 


Boring  terminated  @  34  feet. 


_  Approved: 

file:  SB01  A.LOGNorthing:  1689837.0002  Easting:  3205833.578 


Appendix  B-18 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


Driller:  GEO  Environmental/J.  Steerman  I  Geoprobe 


Depth  Samples 

bgs(ft) 


BORING  LOG 


Boring:  FWASB02 

J.O.:  052190061 
Sheet  of  1  of  1 


ss  FWASB02  100 
-10 


FWASB02  100 
-20 

Wn: 

FWASB30 

-20 

(duplicate)  100 


Logged  by:  Andrew  Ellison _ 


Started:  11/04/96  I  Completed:  11/04/96 


Sample  Description 
(Located  on  east  side  of  USTs) 


0-0.5’  -  ML  -  Silt,  10%  fine  sand,  10%  clay,  5%  gravel, 
roots/organic  matter,  slightly  plastic,  moderately  graded, 
damp 


10-14’  CL  -  Silty  clay,  10%  fine  sand,  15%  silt,  5% 
granules,  poorly  graded,  low  plasticity,  stiff,  dry, 
feldspar,  quartz,  mica,  brown  with  white  CaC03  (?) 
mottling. 


20-21’  SM  -  Silty  sand,  moderately  graded,  10%  silt,  10- 
15%  clay,  moist  to  wet. 


21-24’  CL  -  CL  -  Clay,  10%  silt,  moderately  to  low 
plasticity,  damp,  brown  with  Fe  staining 
Black  staining  @  ~  22’  (1”  thick)  within  clay, 


Approved: 


file:  SB02.LOG  Northing:  1689806.985  Easting:  3205849.601 


Appendix  B-19 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


Elev.  Depth 
(ft)  bgs(ft) 


BORING  LOG 


Boring:  FWASB03 

J.O.:  052190061 
Sheet  of  1  of  1 


< 

Type 

samples 

Number 

Recov 

ery 

(%) 

ss 

FWASB03 

-00 

100 

ss 

ss 

FWASB03  100 
-08 


FWASB03  100 
-16 


Logged  by:  Andrew  Ellison 


Started:  1 1/04/96  I  Completed:  1 1/04/96 


Sample  Description 
(Located  on  south  side  of  USTs) 


0-3.5  SP  -  Sand,  poorly  graded,  roots,  moist,  feldspar, 
quartz,  mica,  (fill  material) 


3.5  -6  CL  -  Clay,  10%  silt,  brown,  stiff,  damp 


8-10’  ML  -  Silt,  15%  fine  to  coarse  sand,  reddish  brown  w/ 
white  CaC03  (?)  mottling,  angular  sand  grains. 


16-18’  SM  -  Silty  sand,  15%  silt,  5%  clay,  Slight  Odor, 
reddish  brown,  (no  staining),  moist 


_ _  Approved: 


file:  SB03.LOG  Northing:  1689784.591  Easting:  3205832.807 


Appendix  B-20 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 
Driller:  GEO  Environmental/J.  Steerman  I  Geoprobe 


Elev.  Depth  Samples  Recov 

(ft)  bgs  (ft)  ery 

Type  I  Number  (%) 


Boring:  FWASB04 

BORING  LOG 

J.O.:  052190061 

Sheet  of  1  of  1 

_ |  Logged  by:  Andrew  Ellison _ 

|  Started:  1 1/04/96  j  Completed:  11/04/96 


Sample  Description 
(Located  on  west  side  of  USTs) 


0-5’  SM  -  Silty  sand,  5%  gravel,  roots/organic  matter, 
angular  grains,  fill  material,  moist 


9-1 T  ML  -  Silt,  5%  fine  sand,  5%  granules,  slightly 
plastic,  wood, 

Strong  petroleum  odor,  black  staining 


18-20’  SM  -  Silty  sand,  15%  silt,  5%  clay,  moderately 
graded,  moist 

Strong  petroleum  odor,  no  visible  staining 


Approved: 


file:  SB04.LOG  Northing:  1689804.629  Easting:  3205821.010 


Appendix  B-21 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


Driller:  GEO  Environmental/J.  Steerman  |  Geoprobe 


Head 

Space 

(ppm/ 

depth) 


BORING  LOG 


Boring:  FWASB05 

J.O.:  052190061 
Sheet  of  1  of  1 


Logged  by:  Andrew  Ellison 


Started:  11/06/96  |  Completed:  11/06/96 


Sample  Description 
(Located  at  SG023) 


0-0.5  SM  -  Silty  sand,  15%  gravel,  10%  silt,,  organic 
matter,  subangular  grains,  minor  Fe  staining,  moist 
possible  fill  material 


8-10’  CL  -  Silty  clay,  20%  silt,  slightly  plastic,  stiff,  damp, 
brown  w /  white  CaCQ3  (?)  mottling  and  black  staining. 


16-18’  SM  -  Silty  sand,  15%  silt,  stiff,  moist,  subangular  to 
subrounded  grains, 

strong  petroleum  odor,  strong  black  staining 


_ _ Approved: 


file:  SB05.LOG  Northing:  1689721.979  Easting:  3205730.316 


Appendix  B-22 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 
Driller:  GEO  Environmental/!  Steerman  |  Geoprobe 


Depth 
bgs  (ft) 


Boring:  FWASB06 

BORING  LOG 

J.O.:  052190061 

Sheet  of  1  of  1 

-00 


& 

FWASB34 

-00 

(duplicate) 


FWASB06  100 
-08 


_ |  Logged  by:  Andrew  Ellison _ 

Started:  1 1/06/96  |  Completed:  1 1/06/96~ 


Sample  Description 
(Located  at  SG028) 


0-0.5’  ML  -  Silt,  10%  clay,  5%  fine  sand,  organic  matter, 
wood,  charcoal,  light  brown,  dry.  Fill  material 
(duplicate  sample  obtained) 


8-10’  ML  -  Clayey  silt,  15%  clay,  5%  fine  sand,  trace  of 
granules,  low  plasticity,  stiff,  dry,  Mn02  dendrites, 
minor  white  CaC03  (?)  mottling  and  Fe  staining 


FWASB06  100 
-16 


16-18’  SM  -  Silty  sand,  10%  silt,  poorly  sorted, 
subrounded  grains,  feldspar,  quartz,  amphiboles. 


Approved: 


file:  SB06.LOG  Northing:  1689673.120  Easting:  3205682.165 


Appendix  B-23 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


Driller:  GEO  Environmental/!  Steerman  I  Geoprobe 


Elev.  Depth 
(ft)  bgs  (ft) 


BORING  LOG 


Boring:  FWASB07 

J.O.:  052190061 
Sheet  of  1  of  1 


Samples 

Recov 

Head 

ery 

Space 

Type  Number 

<%) 

(ppm/ 

depth) 

ss  FWASB07 

100 

-00 


& 

FWASB33 

-00 

(duplicate) 


FWASB07  100 
-09 


FWASB07  50 
-18 


Logged  by:  Andrew  Ellison 


Started:  11/06/96  I  Completed:  11/06/96 


Sample  Description 
(Located  at  SG146) 


0-0.5’  ML  -  Sandy  silt,  brown,  5%  gravel ,  15%  fine  to 
medium  sand,  organic  matter,  plastic,  twigs,  dry 
Fill  material 

(duplicate  sample  obtained) 


9-1 1’  ML  -  Clayey  silt,  Fe  staining  predominant,  dry. 


(Pushing  very  hard  between  16-17.5’  bgs) 

18-20’  SM  -  Silty  sand,  15%  silt,  sand  poorly  graded,  wet, 
Fe  staining 


Approved: 

file:  SB07.LOG  Northing:  1689568.849  Easting:  3205579.181 


Appendix  B-24 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 
Driller:  GEO  Environmental/!  Steerman  I  Geoprobe 


Samples  Recov  Head 

ery  Space 

Type  Number  (%)  (ppm/ 

depth) 


Boring:  FWASB08 

BORING  LOG 

J.O.:  052190061 

Sheet  of  1  of  1 

_ |  Logged  by:  Andrew  Ellison _ 

Started:  11/06/96  I  Completed:  11/06/96^ 


Sample  Description 
(Located  at  SG006) 


0-0.5’  ML  -  Sandy  silt,  brown,  15%  fine  sand,  >5%  small 
gravel,  organic  matter,  dry. 


8-10’,  CL  -  Silty  clay,  15%  silt,  10%  fine  sand,  light 
brown  w/  white  CaC03  mottling  and  Fe  staining,  very 
stiff,  dry. 


16-18’,  SM  -  Silty  sand,  well  graded,  subangular  grains, 
up  to  0.5  cm  grains,  very  stiff,  white  CaC03  (?)  mottling, 
strong  Fe  staining  (orange). 


file:  SB08.LOG  Northing:  1689868.368 


Approved: 


Easting:  3205678.022 


Appendix  B-25 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


Driller:  GEO  Environmental/J.  Steerman  |  Geoprobe 


BORING  LOG 


Boring:  FWASB09 

J.O.:  052190061 
Sheet  of  1  of  2 


Elev. 

Depth 

Samples 

Rccov 

(ft) 

bgs  (ft) 

erv 

Type  Number 

(  .  . 

5534. 

ss  FWASB09 

100 

Logged  by:  Andrew  Ellison 


Started:  11/04/96  Completed:  11/04/96 


Sample  Description 
(Located  at  SGI 49) 


0-1  SM  -  Silty  sand,  fill  material  with  gravel  and  sand, 
moist 


1-45  ML  -  Clayey  silt,  5%  granules,  15%  clay,  brown, 
plastic,  moist  to  wet,  roots 


4-8’  ML  -  Clayey  silt,  same  as  above. 

rootlets  less  numerous  than  above,  becomes  drier  with 

depth 


8-8.5  ML  -  Clayey  silt,  same  as  above,  moist 


8.5-12’  SM  -  Silty  sand,  15%  silt,  5%  clay,  moist,  angular 
grains,  feldspar,  quartz,  mica 


FWASB09  100 
-14 


10.5-1 1’  -  gravel  in  SM,  dry. 


12.5-13’ CL -Clay,  dry,  stiff 
13-16.5’  CL  -  Silty  clay,  dry,  stiff 


Approved: 

file:  SB09.LOG  Northing:  1690260.591  Easting:  3207627.349 


Appendix  B-26 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


Driller:  GEO  Environmental/J.  Steerman  I  Geoprobe 


Elev.  Depth  Samples  Recov 

(ft)  bgs(ft)  eiy 

Type  I  Number  (%) 


BORING  LOG 


Boring:  FWASB09 

J.O.:  052190061 
Sheet  of  2  of  2 


_ |  Logged  by:  Andrew  Ellison _ 


Started:  11/04/96  I  Completed:  11/04/96 


Sample  Description 
(Located  at  SG149) 


ss  FWASB09  100 


16.5-18’  SM  -  Silty  sand,  dry,  yellow  brown,  15-20%  silt. 


18-28’  CL  -  Silty  clay  and  clay,  dry,  low  plasticity 


clay  becomes  denser  with  depth 


moist,  dense,  low  plasticity 
sample  hard  to  remove  from  sampler 

(possible  weather  claystone  or  siltstone  ?) 

sample  very  dense  and  difficult  to  remove  for  sampler. 


Fe  staining  along  fractures,  very  hard 


Weathered  siltstone,  very  hard,  cemented 


Boring  terminated  @  28’  bgs. 


Approved: 


file:  SB09.LOG  Northing:  1690260.591  Easting:  3207627.349 


Appendix  B-27 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


Driller:  GEO  Environmental/J.  Steerman  I  Geoprobe 


Head 

Space 

(ppm/ 

depth) 


BORING  LOG 


Boring:  FWASB10 

J.O.:  052190061 
Sheet  of  1  of  1 


Logged  by:  Andrew  Ellison 


Started:  11/04/96  Completed:  11/04/96 


Sample  Description 
(Located  at  SGI 79) 


0-0.5’-  Fill  material,  gravel  on  surface  within  old  RR  bed, 
gravelly  sand  with  silt  and  clay,  moist 
50%  sand,  15%  gravel,  25%  silt,  10%  clay 


9-1  r  ML  -  Clayey  silt,  10%  fine  sand,  20%  clay,  >5% 
small  granules,  brown,  mica,  feldspar,  amphiboles,  quartz 
grains,  Mn02  dendrites,  Fe  staining  in  fractures 


18-20’  CL  -  Silty  clay,  brown,  15%  silt,  5%  fine  sand,  low 
plasticity,  moist 


_  Approved: 


file:  SB10.LOG  Northing:  1690132.943  Easting:  3207430.204 


Appendix  B-28 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


Driller:  GEO  Environmental/J.  Steerman  Geoprobe 


BORING  LOG 


Boring:  FWASB11 

J.O.:  052190061 
Sheet  of  1  of  1 


Logged  by:  Andrew  Ellison 


Started:  1 1/04/96  Completed:  1 1/04/96 


Elev.  Depth 
(ft)  bgs(ft) 


Samples 


Head 

Space 

(ppm/ 

depth) 


Sample  Description 
(Located  at  SGI 04) 


0-.5’  SW  -  Gravelly  sand,  well  graded,  70%  sand  w/ 
gravel,  15%  silt,  5%  clay,  gravel  up  to  2”  diameter,  moist, 

slight  odor  and  black  staining 


9-1 1’  CL  -  Silty  clay,  15%  silt,  5%  fine  to  medium  sand, 
moderately  plastic,  brown  w /  white  CaC03  (?)  mottling 
and 

Fe  (yellow)  staining. 


18-20’  CL  -  Silty  clay,  15%  silt,  very  stiff,  damp,  brown 
w/  Fe  (yellow)  staining. 


Boring  terminated  at  20  ft  bgs. 


Approved: 


file:  SB1  l.LOG  Northing:  1690180.844  Easting:  3207527.683 


Appendix  B-29 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


Driller:  GEO  Environmental/J.  Steerman  I  Geoprobe 


Elev.  Depth 
(ft)  bgs  (ft) 


BORING  LOG 


Boring:  FWASB12 

J.O.:  052190061 
Sheet  of  1  of  2 


Samples 

Recov 

Head 

ery 

Space 

Type  Number 

(%) 

(ppm/ 

depth) 

ss  FWASBI2 

Logged  by:  Andrew  Ellison 


Started:  11/05/96  Completed:  11/05/96 


Sample  Description 
(Located  at  SG 1 62) 


O-T  CL  -  Clay  fill  material,  gravel,  sands,  minor  amount  of 
silt  in  clay  matrix,  brownish  red,  rootlets,  dry,  stiff 
white  CaC03  (?)  mottling. 


1-4’,  ML  -  Clayey  silt,  brown,  10%  clay,  10%  fine  sand, 
CaC03  mottling 

grades  into  silty  sand  starting  @  4  ft 


4-10’  SM  -  Silty  sand,  10%  fine  sand,  10%  clay,  15%  silt, 
5%  clay,  brown  to  light  gray. 


FWASB12 

>12 


10-19.5’  CL  -Clay,  light  gray 

Silty  clay  from  10.5-1 1  ’  with  fine  sand  less  <  0.3  64  thick 


_  Approved: 


file:  SB12.LOG  Northing:  1690243.363  Easting:  3206781.220 


Appendix  B-30 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 
Driller:  GEO  Environmental/J.  Steerman  I  Geoprobe 


Boring:  FWASB12 

BORING  LOG 

J.O.:  052190061 

Sheet  of  2  of  2 

Started:  11/05/96  I  Completed:  1 1/05/96 


Elev. 

(ft) 

Depth 
bgs  (ft) 

Samples 

Type  Number 

Recov 

ery 

(%) 

Head 

Space 

(ppm/ 

depth) 

Sample  Description 
(Located  at  SGI 62) 

5519. 

16 

ss 

clay  continues. 

FWASB12 

-18 


18.5  rootlets,  dark  gray/black. 


19-19.5  Silty  stone,  fine  grained,  small  percentage  of  clay, 
hard,  dry,  refusal  @  19.5  ft  bgs.  _ _ 


Boring  terminated  @  19.5  ft  bgs. 


file:  SB12.LOG  Northing:  1690243.363 


Approved: 


Easting:  3206781.220 


Appendix  B-31 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


Driller:  GEO  Environmental/!  Steerman  |  Geoprobe 


BORING  LOG 


Boring:  FWASB13 

J.O.:  052190061 
Sheet  of  1  of  2 


Elev. 

(ft) 

Depth 
bgs  (ft) 

< 

Type 

Samples 

Number 

Recov 

ery 

(%) 

Head 

Space 

(ppm/ 

depth) 

5536. 

ss 

FWASB13 

Logged  by:  Andrew  Ellison 


Started:  1 1/05/96  Completed:  1 1/05/96 


Sample  Description 
(Located  at  SGI 62) 


0-1.8  CL  -  Silty  clay,  dry 


1. 8-2.5’  SM  -  Silty  sand,  15%  silt,  dry 


2.5-7’  CL  -  Silty  clay,  15%  silt,  5%  fine  sand,  dry 
white  CaC03  zone  intermittent 

silt  content  increases  with  depth 


7-8’  ML  -  Silt,  5%  fine  sand,  10%  clay,  5%  granules 
dry 


8-10  SM  -  Silty  sand,  20%  silt,  fine  sand,  dry 


10-19.4  CL  -  Clay,  moderately  plastic  to  stiff,  dark 
staining  possible  old  rootlets,  damp 


CL  -  Clay  dry,  stiff,  yellow  (iron)  staining,  Mn02  dendrites 
(same  as  above) 


_ Approved: 


file:  SB13.LOG  Northing:  1690212.876  Easting:  3207004.328 


Appendix  B-32 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 
Driller:  GEO  Environmental/J.  Steerman  |  Geoprobe 


Head 

Space 

(ppm/ 

depth) 


Boring:  FWASB13 

BORING  LOG 

J.O.:  052190061 

Sheet  of  2  of  2 

Started:  11/05/96  I  Completed:  11/05/96 


Sample  Description 
(Located  at  SGI 62) 


CL  -  Clay  (continues) 
same  as  above 

slightly  greater  silt  content,  dry,  iron  staining  continues 


19.4’  -  Siltstone,  at  bottom  of  sampler,  refusal 


Boring  terminated  @  19.4  ft  bgs. 


file:  SB13.LOG  Northing  1690212.876 


Approved: 


Easting:  3207004.328 


Appendix  B-33 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


Driller:  GEO  Environmental/J.  Steerman  I  Geoprobe 


Elev.  Depth  Samples  Recov  Head 

(ft)  bgs  (ft)  ery  Space 

Type  Number  (%)  (ppm/ 

depth) 


BORING  LOG 


Boring:  FWASB14 

J.O.:  052190061 
Sheet  oflofl 


Logged  by:  Andrew  Ellison 


Started:  11/05/96  Completed:  11/05/96 


Sample  Description 
(Located  at  SGI 26) 


0-0.5’,  ML  -  Silt  (topsoil),  5%  granules,  10%  sand,  10% 
clay,  dark  brown,  roots,  organic  matter,  moist 


8-9’,  CL  -  Gravelly  clay,  10%  silt,  10%  granules,  30% 
gravel,  (gravel  broken  up  by  sampler),  gravel  contains 
quartz,  feldspars,  angular  gravel,  fine  grained  matrix  dark 
brown,  gravel  light  gray,  moist,  clay  moderately  plastic. 


16-18’,  CL  -  Silty  clay,  variable  silt  content  up  to  20%  silt, 
very  thin  layers  of  clay  <  1”  thick,  dry 


Boring  terminated  at  1 8  ft  bgs. 


_  Approved: 


file:  SB14.LOG  Northing:  1690347.955  Easting:  3206969.031 


Appendix  B-34 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


Driller:  GEO  Environmental/J.  Steerman  I  Geoprobe 


Head 

Space 

(ppm/ 

depth) 


BORING  LOG 


Boring:  FWASB15 

J.O.:  052190061 
Sheet  of  1  of  1 


Logged  by:  Andrew  Ellison 


Started:  1 1/05/96  Completed:  1 1/05/96 


Sample  Description 
(Located  at  SGI  1 1) 


0-1’  CL  -  Silty  clay,  10%  fine  sand,  15%  silt,  trace 
granules,  rootlets,  moderately  plastic,  dark  brown,  moist, 
trace  of  white  CaC03  mottling. 


8-10’,  ML  -  Sandy  silt,  15-20%  fine  sand,  <  5%  granules, 
low  to  moderately  plastic,  brown,  yellow  (iron)  staining, 
white  CaCQ3  (?)  mottling,  trace  Mn02  dendrites,  dry 


ss  FWASB15  100 
-16 


16-18’,  CL  -  Clay/Silty  Clay,  5  to  10%  silt,  reddish  brown, 
stiff,  damp,  yellow  (iron)  staining,  trace  white  CaC03  (?) 
mottling. 


Approved: 


file:  SB15.LOG  Northing:  1690171.496  Easting:  3206883.281 


Appendix  B-35 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


Driller:  GEO  Environmental/J.  Steerman  I  Geoprobe 


Elev.  Depth  Samples  Recov  Head 

(ft)  bgs  (ft)  ery  Space 

Type  Number  (%)  (ppm/ 

depth) 


BORING  LOG 


Boring:  FWASB16 

J.O.:  052190061 
Sheet  of  1  of  1 


Logged  by:  Andrew  Ellison 


Started:  11/06/96  Completed:  11/06/96 


Sample  Description 
(Located  at  SG081) 


0-0.5  ,  Fill,  asphalt  mixed  with  sand,  moist 


6-8’,  CL  -  Silty  clay,  15%  silt,  5%  fine  sand,  damp  to  moist 
black  staining  observed  throughout  core  sample,  no  odor. 


12-14,  SM  -  Silty  sand,  15%  silt,  poorly  graded,  moist, 
mineral  grains  include  feldspars,  quartz,  amphiboles, 
subangular  grains. 


Boring  terminated  @  14  ft  bgs. 


_  Approved: 


file:  SB16.LOG  Northing:  1690308.629  Easting:  3207479.100 


Appendix  B-36 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


Driller:  GEO  Environmental/J.  Steerman  Geoprobe 


Head 

Space 

(ppm/ 

depth) 


BORING  LOG 


Boring:  FWASB17 

J.O.:  052190061 
Sheet  of  1  ofl 


|  Logged  by:  Andrew  Ellison _ 


Started:  11/06/96  I  Completed:  11/06/96 


Sample  Description 
(Located  at  SGI 33) 


0-0.4’,  Fill,  gravel,  rusted  metal,  sand,  silt 
0.4-1. O’,  SM  -  Silty  sand,  20%  silt,  5%  clay,  poorly 
graded,  moist,  brown,  iron  staining. 


6-8’,  CL  -  Silty  clay,  10%  fine  sand,  15%  silt,  stiff, 
moderately  plastic,  black  staining,  white  CaC03  (?) 
mottling. 


12-14’,  CL  -  Silty  clay, 

same  as  above  w/o  black  staining. 


Boring  terminated  @  14  ft  bgs. 


Approved: 


file:  SB17.LOG  Northing:  1690257.609  Easting:  3207337.204 


Appendix  B-37 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


Driller:  GEO  Environmental/!  Steerman  I  Geoprobe 


Samples  Recov  Head 

ery  Space 
Type  Number  (%)  (ppm/ 

depth) 


BORING  LOG 


Boring:  FWASB18 

J.O.:  052190061 
Sheet  of  1  of  1 


ss  FWASB18  100 
-06 


ss  FWASB18  100 
-i2 


Logged  by:  Andrew  Ellison 


Started:  11/06/96  I  Completed:  11/06/96 


Sample  Description 
(Located  at  SG071) 


0-0.3’,  Asphalt  pavement 

0.3-1’,  SP  -  Sand,  5%  silt,  5%  clay,  poorly  graded,  moist, 
asphalt  particles  within  sand  (and  in  sample). 


6-8’,  CL  -  Silty  clay,  20%  silt,  5%  fine  sand,  white 
(CaC03)  mottling,  moist 

heavy  black  staining  from  7.5-8’  w/  slight  onor. 
(included  in  sample) 


mMmmMgrn 


12- 13’,  SM  -  Silty  sand,  20%  silt,  predominately  fine  sand, 
well  sorted,  dairr 

13- 14’,  CL  -  Siltj  »ay,  15%  silt,  5%  fine  sand,  moderately 
plastic,  white  CaC03  (?)  mottling,  damp 


Boring  terminated  @  14  ft  bgs. 


_ _ Approved: 


file:  SB18.LOG  Northing:  1690301.516  Easting:  3207180.041 


Appendix  B-38 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


Driller:  GEO  Environmental/J.  Steerman  Geoprobe 


Elev.  Depth  Samples  Recov 

(ft)  bgs  (ft)  ery 

Type  I  Number  (%) 


BORING  LOG 


Boring:  FWASB19 

J.O.:  052190061 
Sheet  of  1  of  1 


_ |  Logged  by:  Andrew  Ellison _ 


Started:  11/06/96  Completed:  11/06/96 


Sample  Description 
(Located  at  SG046) 


0-0.4’  Fill  material  -  gravel 

0.4-1’  ML  -  Gravelly  silt,  10%  fine  sand,  moderately 
plastic,  roots/casts,  dark  brown,  (top  soil  mixed  with  fill?) 


6-8’  ML  -  Clayey  silt,  10%  fine  sand,  15%  clay, 
moderately  plastic,  brown,  moist 


12-14’  CL  -  Silty  clay,  10%  fine  sand,  15%  silt,  damp 


Boring  terminated  @  14  ft  bgs. 


Approved: 


file:  SB19.LOG  Northing:  1690199.775  Easting:  3207182.877 


Appendix  B-39 


Stone  &  Webster 
Engineering  Corporation 


Site  Buckley  Former  Warehouse  Area  Site  Investigation 


Driller:  GEO  Environmental/!  Steerman  |  Geoprobe 


Head 

Space 

(ppm/ 

depth) 


BORING  LOG 


Boring:  FWASB20 

J.O.:  052190061 
Sheet  of  1  of  1 


Logged  by:  Andrew  Ellison 


Started:  11/06/96  Completed:  11/06/96 


Sample  Description 
(Located  at  SGI 09) 


0-0.5  CL  -  Silty  clay,  15%  silt,  trace  granules,  brown, 
moderately  plastic,  damp 


8-10’  SM  -  Silty  sand,  well  graded,  15%  silt,  subangular, 
orange  rust  color,  mineral  grains  include  feldspar,  quartz, 
amphiboles,  damp. 


16-18  SM  -  Silty  sand, 
same  as  above 


Boring  terminated  @  18  ft  bgs. 


_ _ _  Approved: 


file:  SB20.LOG  Northing:  1690173.363  Easting:  3206983.87 6 


Appendix  B-40 


APPENDIX  C 


Photographs 


Former  Warehouse  Area  Site  Investigation 
Buckley  Air  National  Guard  Base 
Aurora,  Colorado 


Photographs  of  field  investigation  activities  and  soil  cores 


This  page  intentionally  left  blank. 


Photograph:  1 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAMW05  from  1 9  to  24  feet  bgs. 


Ablml.doc 


1 


Date:  11/07/96 


Photograph:  2 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAMW05  from  24  to  29  feet  bgs. 


Ablml.doc 


2 


Photograph:  3  Date:  11/07/96 

Buckley  Air  National  Guard  Base 

Former  Warehouse  Area  Site  Investigation 

Subject: 

Soil  core  from  soil  boring  FWAMW05  from  29  to  34  feet  bgs. 


Ablml.doc 
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Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAMW06  from  0  to  2  feet  bgs. 


Ablml.doc 
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Ablml.doc 
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Buckley  Air  National  Guard  Base 

Former  Warehouse  Area  Site  Investigation 

Subject: 

Soil  core  from  soil  boring  FWAMW06  from  2  to  4  feet  bgs. 


Photograph:  9 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAMW06  from  9  to  14  feet  bgs. 


Ablml.doc 
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Photograph:  10  Date:  1 1/08/95 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAMW06  from  9  to  14  feet  bgs  and  from  14  to  19  feet  bgs. 


Photograph:  1 1  uaif 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAMW06  from  19  to  24  feet  bgs  and  from  24  to  29  feet  bgs. 


Date:  1 1/08/96 


Ablml.doc 
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Photograph:  13  uat< 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
•  Subject: 

Soil  core  from  soil  boring  FWAMW06  from  19  to  24  feet  bgs  and  from  29  to  34  feet  bgs. 


Date:  11/08/96 


Photograph:  14  Date:  11/08/96 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAMW07  from  0  to  2  feet  bgs. 


Ablml.doc 
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Date:  11/08/96 


Photograph:  15 

Buckley  Air  National  Guard  Base 

Former  Warehouse  Area  Site  Investigation 

Subject: 

Soil  core  from  soil  boring  FWAMW07  from  2  to  4  feet  bgs. 


Ablml.doc 
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Photograph:  16  Date:  11/08/96 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAMW07  from  4  to  9  feet  bgs. 


Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAMW07  from  14  to  19  feet  bgs. 


Photograph:  18  Date:  11/08/96 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAMW07  from  9  to  14  feet  bgs  and  14  to  19  feet  bgs. 


Photograph:  19 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAMW07  from  19  to  24  feet  bgs. 


Ablml.doc 
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Date:  11/12/96 


Photograph:  20 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Groundwater  from  piezometer  FWAPZ01  following  development. 


Ablml.doc 
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Photograph:  21 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Groundwater  from  piezometer  FWAPZ02  following  development. 


Ablml.doc 
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Date:  11/12/96 


Photograph:  22 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Groundwater  from  piezometer  FWAPZ03  following  development. 


Ablml.doc 
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Photograph:  1 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Tarraprobe  set  up  for  soil  gas  sampling. 


Ablm2.doc 


Date: 


Photograph:  2 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Collecting  soil  gas  sample  using  the  Terraprobe. 


Ablm2.doc 
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Photograph:  3 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Collection  of  soil  gas  sample  SG50. 


Ablm2.doc 


Photograph:  4  Date:  1 1/04/96 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWASB01  from  0  to  24  feet  bgs.  Top  of  each  core  located  on  left  side  of 
photograph. 


4 


Ablm2.doc 


Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWASB09  from  0  to  20  feet  bgs. 


Buckley  Air  National  Guard  Base 

Former  Warehouse  Area  Site  Investigation 

Subject: 

Soil  core  from  soil  boring  FWASB09  from  5  to  10  feet  bgs. 


Ablm2.doc 
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Photograph:  9  Date:  11/05/96 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWASB09  from  4  to  12  feet  bgs. 


Date: 


Photograph:  10 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWASB09  from  4  to  12  feet  bgs. 


Ablm2.doc 
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Photograph:  11 

Buckley  Air  National  Guard  Base 

Former  Warehouse  Area  Site  Investigation 

Subject: 

Soil  core  from  soil  boring  FWASB09  from  12  to  16  feet  bgs. 


Ablm2.doc 
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Date:  11/05/96 


Photograph:  12 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWASB09  from  16  to  20  feet  bgs. 


Ablm2.doc 
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Photograph:  13 

Buckley  Air  National  Guard  Base 

Former  Warehouse  Area  Site  Investigation 

Subject: 

Soil  core  from  soil  boring  FWASB13  from  0  to  20  feet  bgs. 


Ablm2.doc 
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Date:  11/05/96 


Photograph  14 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWASB13  from  4  to  12  feet  bgs. 


Ablm2.doc 
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Photograph:  15 

Buckley  Air  National  Guard  Base 

Former  Warehouse  Area  Site  Investigation 

Subject: 

Soil  core  from  soil  boring  FWASB13  from  8  to  16  feet  bgs. 


Ablm2.doc 
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Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAMW04  from  24  to  29  feet  bgs. 


Date:  11/07/96 


Photograph:  18 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAMW04  from  29  to  34  feet  bgs. 


Ablm2.doc 
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Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAMW04  from  34  to  39  feet  bgs. 


Ablm2.doc 
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Photograph:  21 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAMW05  from  4  to  9  feet  bgs. 


Ablm2.doc 


21 


Photograph:  22 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAMW05  from  9  to  14  feet  bgs. 


Ablm2.doc 
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Date:  11/07/96 


Photograph:  23 

Buckley  Air  National  Guard  Base 

Former  Warehouse  Area  Site  Investigation 

Subject: 

Soil  core  from  soil  boring  FWAMW05  from  14  to  19  feet  bgs. 


Ablm2.doc 
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Photograph:  1  Date:  11/01/96 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ04  from  24  to  29  feet  bgs. 


Date:  1 


Photograph:  3 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ04  from  14  to  19  feet  bgs. 


Ablm3.doc 
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Photograph:  4  Date:  1 1/01/96 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ04  from  9  to  14  feet  bgs. 


Ablm3.doc 


Date:  11/01/96 


Photograph:  5 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ04  from  4  to  9  feet  bgs. 


Ablm3.doc 
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Photograph:  6 
Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ04  from  2  to  4  feet  bgs. 


Ablm3.doc 
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Photograph:  7  Date:  11/01/96 

Buckley  Air  National  Guard  Base 

Former  Warehouse  Area  Site  Investigation 

Subject: 

Soil  core  from  soil  boring  FWAPZ04  from  0  to  2  feet  bgs. 


Date:  11/01/96 


Photograph:  8 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ06  from  34  to  39  feet  bgs. 


Ablm3.doc 
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Photograph:  9  Date:  11/01/96 


Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ06  from  29  to  34  feet  bgs. 


Date:  11/01/96 


Photograph:  10 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ06  from  24  to  29  feet  bgs. 


Ablm3.doc 
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Photograph:  11  Date:  11/01/96 

Buckley  Air  National  Guard  Base 

Former  Warehouse  Area  Site  Investigation 

Subject: 

Soil  core  from  soil  boring  FWAPZ06  from  19  to  24  feet  bgs. 


Photograph:  13 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ06  from  14  to  19  feet  bgs. 


Date:  11/01/96 


Photograph:  14 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ06  from  9  to  14  feet  bgs. 


Ablm3.doc 
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Photograph:  15 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ06  from  4  to  9  feet  bgs. 


15 


Ablm3.doc 


Date:  11/01/96 


Photograph:  16 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ06  from  2  to  4  feet  bgs. 


Ablm3.doc 
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Photograph:  17 

Buckley  Air  National  Guard  Base 

Former  Warehouse  Area  Site  Investigation 

Subject: 

Soil  core  from  soil  boring  FWAPZ06  from  0  to  2  feet  bgs. 


Ablm3.doc 
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Photograph:  18  Date:  11/01/96 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ05  from  4  to  24  feet  bgs. 


Ablm3.doc 
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Date:  11/01/96 


Photograph:  20 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ05  from  14  to  19  feet  bgs  (front) 


Ablm3.doc 
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Photograph:  21  Date:  11/01/96 

Buckley  Air  National  Guard  Base 

Former  Warehouse  Area  Site  Investigation 

Subject: 

Soil  core  from  soil  boring  FWAPZ05  from  9  to  14  feet  bgs. 


Buckley  Air  National  Guard  Base 

Former  Warehouse  Area  Site  Investigation 

Subject: 

Soil  core  from  soil  boring  FWAPZ05  from  2  to  4  feet  bgs. 


Date:  10/31/96 


Photograph:  24  ~ 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ05  from  0  to  2  feet  bgs. 


ft 


OP 


Ablm3.doc 
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Photograph:  25 

Buckley  Air  National  Guard  Base 

Former  Warehouse  Area  Site  Investigation 

Subject: 

Hollow  Stem  Auger  Drilling  at  Piezometer  FWAPZ01. 


Ablm3.doc 


25 


Photograph:  26  Qate; 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Two  inch  diameter,  0.010  slot  size,  PVC  well  screen  used  for  all  FWA  piezometers  and  monitoimg 
wells 


Ablm3.doc 
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Date: 


Photograph:  27 

Buckley  Air  National  Guard  Base 

Former  Warehouse  Area  Site  Investigation 

Subject: 

Hollow  Stem  Auger  Drilling  at  Piezometer  FWAPZ01. 


Ablm3.doc 
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This  page  intentionally  left  blank. 


Photograph:  1  Date:  11/07/96 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAMW04  from  14  to  19  feet  bgs. 


Photograph:  2  Date:  11/07/96 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAMW04  from  4  to  14  feet  bgs. 


Ablm4.doc 
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Photograph:  3 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAMW04  from  4  to  9  feet  bgs. 


Date:  11/07/96 


Ablm4.doc 


Photograph:  4  Date:  11/07/96 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAMW03  from  19  to  24  feet  bgs. 


Photograph:  5  Date:  11/07/96 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAMW03  from  14  to  19  feet  bgs. 


Photograph:  6  Date:  1 1/07/96 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAMW03  from  9  to  14  feet  bgs. 


Photograph:  7  Date:  *  '■'04/96 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ05  from  44  to  49  feet  bgs. 


Photograph:  8  " 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ04  from  29  to  34  feet  bgs. 


Ablm4.doc 


8 


Photograph:  9 

Buckley  Air  National  Guard  Base 

Former  Warehouse  Area  Site  Investigation 

Subject: 

Soil  core  from  soil  boring  FWAPZ04  from  34  to  39  feet  bgs. 


Ablm4.doc 
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Photograph:  10 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ04  from  39  to  44  feet  bgs. 


Date:  1 


< 


Ablm4.doc 
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Photograph:  1 

Buckley  Air  National  Guard  Base 

Former  Warehouse  Area  Site  Investigation 

Subject: 

Soil  core  from  soil  boring  FWAPZ03  from  29  to  34  feet  bgs. 


Ablm5.doc 
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Date:  10/31/96 


Photograph:  2 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ03  from  24  to  29  feet  bgs  (front). 


Ablm5.doc 
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Date:  10/31/96 


Photograph:  3 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ03  from  19  to  24  feet  bgs. 


Ablm5.doc 
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Photograph:  4  Date:  10/31/96 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ03  from  14  to  19  feet  bgs. 


Photograph:  5  Date:  10/31/96 

Buckley  Air  National  Guard  Base 

Former  Warehouse  Area  Site  Investigation 

Subject: 

Soil  core  from  soil  boring  FWAPZ03  from  9  to  14  feet  bgs. 


Photograph:  6  Date:  10/31/96 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ03  from  2  to  4  feet  bgs. 


Ablm5.doc 
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Photograph:  7  Date:  10/31/96 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ03  from  0  to  2  feet  bgs. 


Date:  10/31/96 


Photograph:  9 

Buckley  Air  National  Guard  Base 

Former  Warehouse  Area  Site  Investigation 

Subject: 

Soil  cores  from  soil  boring  FWAPZ02. 


Ablm5.doc 
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Photograph:  11  Date:  10/30/96 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ02  from  19  to  24  feet  bgs. 


Photograph:  12  Date:  10/30/96 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject- 

Soil  core  from  soil  boring  FWAPZ02  from  14  to  19  feet  bgs. 


Photograph:  13  Date:  10/30/96 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ02  from  9  to  14  feet  bgs. 


Photograph:  15 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ02  from  2  to  4  feet  bgs. 


Ablm5.doc 
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Date:  10/30/96 


Photograph:  16 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ02  from  0  to  2  feet  bgs. 


Ablm5.doc 
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[Photograph:  17  Date:  1 0/3( 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ01  from  29  to  34  feet  bgs. 
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Date:  10/30/96 


Photograph:  19 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ01  from  19  to  24  feet  bgs. 
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Photograph:  20  Date:  10/30/96 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ01  from  14  to  19  feet  bgs. 
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Date:  10/30/96 


Photograph:  21 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  core  from  soil  boring  FWAPZ01  from  9  to  14  feet  bgs. 
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Photograph:  23  Date 

Buckley  Air  National  Guard  Base 

Former  Warehouse  Area  Site  Investigation 

Subject: 

Soil  cores  from  soil  boring  FWAPZ01  0  to  2  feet  bgs  (bottom)  and  2-4  feet  bgs  (top). 


Ablm5.doc 


23 


Photograph:  24  Date:  10/30/96 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Soil  cores  from  soil  boring  FWAPZ01  0  to  2  feet  bgs  (bottom)  and  2-4  feet  bgs  (top). 
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Photograph:  1 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Groundwater  from  piezometer  FWAPZ06  following  development. 
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Photograph:  2  Date: 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Groundwater  from  piezometer  FWAPZ04  following  development. 
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Photograph:  3 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 

Groundwater  from  monitoring  well  FWAMW07  following  development. 
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Photograph:  4 

Buckley  Air  National  Guard  Base 
Former  Warehouse  Area  Site  Investigation 
Subject: 


Groundwater  from  monitoring  Well  FWAMW06  following  development  (Water  sample  mislabeled 
in  the  field). 


APPENDIX  D 


Geophysical  Report 


Former  Warehouse  Area  Site  Investigation 
Buckley  Air  National  Guard  Base 
Aurora,  Colorado 


Complete  report  of  geophysical  investigation  activities. 
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November  29,  1996 


Andrew  B.  Ellison 

Stone  and  Webster  Engineering  Corporation 
7677  E.  Berry  Avenue 
Englewood,  CO  80111 

Dear  Andrew, 

This  letter  is  a  correction  sheet  for  the  geophysical  survey  performed  for  Stone  and 
Webster  at  the  Buckley  Field,  Air  National  Guard  (ANG)  property  east  of  Denver, 
Colorado.  The  field  work  was  performed  on  October  17,  and  the  final  report  was 
transmitted  to  you  on  October  22,  1996. 

The  correction  involves  only  the  units  of  the  EM-61  data  presented  in  the  final  report. 
The  correct  units  for  the  electromagnetic  data  are  millivolts  in  all  cases.  While  this 
correction  does  not  change  the  EM  values  on  the  maps,  the  contours  on  the  maps,  nor 
any  of  the  interpretations,  a  copy  of  this  letter  should  be  attached  to  each  copy  of  the 
report  to  prevent  future  misunderstandings.  Four  copies  of  the  letter  are  included  for 
your  use. 

If  you  have  any  questions,  please  call  Mr.  Phil  Sirles  or  myself.  It  was  a  pleasure  to 
work  for  you  on  the  ANG  project  site;  we  hope  your  investigation  is  proceeding  well. 


Sincerely, 


MVwpJ 

Mary  Ann  Fore 
President 


MICROGEOPHYSICS  CORPORATION  •  1 0900  WEST  44th  AVENUE 

PH:  (303)  424-0499 


WHEAT  RIDGE,  COLORADO  80033 
FAX:  (303)  424-0807 


October  22,  1996 


Andrew  B.  Ellison 

Stone  and  Webster  Engineering  Corporation 
7677  East  Berry  Avenue 
Englewood,  CO  80111 

Dear  Mr.  Ellison, 

This  letter  report  summarizes  procedures  and  results  of  a  geophysical 
survey  performed  at  the  Buckley  Field,  Air  National  Guard  (ANG) 
property  east  of  Denver,  Colorado  (Figure  1) . 

OBJECTIVES : 

On  October  17,  1996,  MicroGeophysics  Corporation  (MGC)  conducted  an 
electromagnetic  and  magnetic  survey  at  the  Buckley  Field  ANG  property 
located  east  of  Denver  off  6th  Avenue.  Objectives  of  the  geophysical 
surveys  were  twofold:  1)  to  determine  if  a  geophysical  response 
indicative  of  an  underground  storage  tank  is  present  at  the  Former 
Motor  Pool  Site;  and,  2)  if  a  geophysical  response  indicative  of  a 
buried  well  casing  is  present  at  the  OMS  Warehouse  Site  (near 
demolished  building  505) .  Geophysical  surveys  were  performed  at  the 
Former  Motor  Pool  Site  (FMP)  and  the  OMS  Warehouse  Site  (OMS) ,  near 
the  demolished  Building  505  (Figure  2) . 

methods: 

Magnetic  (mag)  surveys  were  completed  using  a  Geometries  Model  858 
Cesium  magnetometer  with  line  spacings  of  five  feet  (east  to  west)  and 
station  spacings  at  0.3  second  intervals  (north  to  south),  which  at 
normal  walking  speed  is  approximately  one  reading  every  foot.  The  mag 
sensor  was  maintained  approximately  six  feet  above  the  ground  for  the 
duration  of  the  survey. 

Magnetic  data  typically  do  not  detect  the  presence  of  at-  or  near¬ 
surface  (shallow)  objects  when  the  height  of  the  cesium  sensor  is  held 
about  6  ft  above  the  ground.  In  general,  this  field  technique  filters 
out  the  signature  of  small  metallic  surface  objects;  however,  the 
instrument  is  capable  of  detecting  large  signals  typical  of  the 
response  observed  from  USTs  or  other  deeply  buried  metallic  objects, 
if  present. 

Electromagnetic  (EM)  surveys  were  completed  using  a  Geonics  EM-61 
time-domain  metal  detector.  The  EM-61  was  operated  in  the  wheel  mode 
with  data  collected  on  five  foot  line  spacings  (east  to  west)  and  0.65 
foot  station  spacings  (north  to  south) . 


MICROGEOPHYSICS  CORPORATION  •  I  0900  WEST  44th  AVENUE  •  WHEAT  RIDGE,  COLORADO  80033 

PH:  (303)  424-0499  FAX:  (303)  424-0807 
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Method  Appendix 
•  Elecromagnetics 
•  Magnetics 


EM-61  HIGH  SENSITIVITY  METAL  DETECTOR 


INTRODUCTION 

The  Geonics  EM-61  is  a  high-sens ^tivlty  high-resolution  ^®_ferrouE 

metal  detector  which  is  used  ?0.^et*ot.b  Dowerful  transmitter  that 
metallic  objects.  It  consists  of  a  powerfu^  tri >  eddy 

generates  a  pulsed  primary  decay  of  these  currents 

currents  in  nearby  metallic  objects.  The  oecay  assembly. 

is  measured  by  two  receiver  coils £  an  integrated  data 

logger  ^s>'tn«f  channels  ^^information.  For  further  processing  and 
interpretation0  data  can  be  transferred  to  PC  computer. 

The  EM-61  detects  a  single  200  litre  (55  gal)  drum  at  ° 

stiffs! =SJ5.av3t.Jsfisis*-4 

of  the  ground. 

sra  efdSr0?sf  res^f «  *- 

each  of  the  two  receiver  coils. 

The  EM-61  consists  of  three  major  parts:  coil  ISoSS? 

with  battery  and  processing  electronics  and  digital  data  recorder. 

EM- 61  Interpretation 

The  EM-61  is  deseed  in  such  a j^way  that  it  is  P|||^le 

near  Surface  targets  that  nay  mast  response  from  deeper  more 
•  i.an*.  ____  This  feature  is  very  useful  when  the  purpose  of 
the° survey° isS to  loclte'deeper  targets,  like  underground  storage 
Snks  OT  drums,  in  presence  of  shallow  near  surface  metallic 
objects  (manhole  covers  or  metal  scrap) . 

Because  the  amplitude  of  response  is  highly  depended  on  the 
distance  between  the  coil  assenEbly  and  target,  small  near  surface 

anomalies  will  very  often  produce  a  response  orders a°£ing9ef feet 
laraer  than  much  bigger  but  deeper  targets.  This  masking  eirect 
from  near  surface  material  is  drastically  reduced  by  using  output 
of  two  coils  and  processing  them  in  the  differential  mode.  In 
case  output  from  channel  1  is  subtracted  from  channel  2.  Channel 
l  represents  data  from  top  receiver  coil,  whereas  channel  2  is 
fromPcoil  closer  to  the  ground.  The  calculation  is  automatically 
performed  by  EM-61  DAt61  computer  program. 


The  roost  common  way  of  interpretation  of  EM-61  data  is  by  using 
channel  2  and  difference  channel  data. 

The  difference  channel  is  calculated  in  the  following  way: 


D  =  k*CHl  -  CH2 


Where:  D  is  differential  output  in  mV 

CHI  is  output  from  top  coil  in  mV 
CH2  is  output  from  bottom  coil  in  mV 
k  is  depth  coefficient  normally  set  to  1 


It  is  possible  to  vary  k,  and  adjust  the  depth  at  which  the 
response  will  be  suppressed  the  most.  If  k  is  selected  to  be  1, 
the  response  from  targets  right  below  the  surface  will  be  reduced 
the  most.  If  the  coefficient  k  is  made  smaller  than  1,  the  deeper 
target  will  be  suppressed  more  than  shallow  targets.  In  this  case 
surface  anomalies  will  have  negative  response  in  the  difference 
channel . 


It  should  be  noted  that  the  degree  of  cancellation  will  be  affected 
by  size,  shape  and  depth  of  targets.  The  response  from  the  targets 
shaped  like  balls,  spheres  or  small  plate-like  targets  parallel 
with  the  ground  can  be  reduced  more  than  response  from  larger  3- 
dimensional  targets. 


Note  that  the  negative  values  on  the  differential  channel  map  are 
often  associated  with  the  metallic  objects  located  on  the  surface, 
assuming  that  the  depth  coefficient  of  1  is  used  (normal  practice) . 


Calculation  of  Apparent  Depth  of  Target 

The  user  can  estimate  an  approximate  depth  (apparent  depth)  of  a 
target.  This  parameter  is  calculated  on  the  basis  of  ratio  of 
amplitude  from  channel  1  and  channel  2  response.  The  apparent 
depth  estimation  is  most  accurate  when  the  instalment  is  positioned 
over  the  center  of  buried  target.  (an  additional  reason  from 
choosing  the  spacing  between  the  survey  lines) .  In  order  to 
determine  position  of  an  anomaly,  the  peak  response  of  the  channel 
2  profile  should  be  examined  along  the  survey  line  as  well  as  on 
the  neighboring  survey  lines.  By  comparing  responses  of  nearby 
lines  and  selecting  anomaly  maximum,  it  is  normally  easy  to  locate 
the  position  of  the  target.  The  apparent  depth  is  determined  at 
the  highest  point  of  the  anomaly. 

It  should  be  noted  that  the  calculation  of  depth  is  an 
approximation.  The  accuracy  of  estimation  will  depend  on  the 


ssriss  ssrSf'SUE  the 

S™a?!y“«Uri»ai^  Waning  that  the  anomaly  wiU  appear  deeper 
than  it  actually  is. 

in  order  to  improve  depth  ®sVBft°«va^ne^sae^toir1^ove0a 
deeper  targets  with  low  respond *  *  eacb  instrument  prior  to 

small  offset  from  the  reading  .  .  ..  channels  adjusted  to  read 

leaving  the  factory,  has  outputs  of  both  ch\nnel^f^t  of  several 

U^a rSTS  ^Siena»?esponse. 


Surface  Metal  Discrimination 

The  EM-61  has  another  very  useful  *  *  f  FnJarU  surf acT^etal ,  a 

in  areas  where  there  is  “  large  amount^  ~r  sur^  ^ 

second  coil  is  utilized,  me  y  .  virhiallv  zero,  qreatly 

near  surface  metal  response  can  be  mad^irt  Uays  burieddrums. 

facilitating  the  detection  of  deeper  target  the 

po^Llry^L"  that  distinguishing  between  the  two  is  rendered  very 
simple. 

The  interpretation  of  EM-61  data  is  often  qualitative  as  the  metal 
detector  is  an  excellent  "anomaly  finder  . 


Technical  Specifications  -  EM-61 

Measured  Quantity:  Two  channels  of  secondary  response  in  mV 


EM  Source: 

Current  Waveform: 

EM  Sensors: 
coincident 

40  cm 


Air  cored  coil,  1  x  1  m  size 

Bipolar  rectangular  current  with  50%  duty  cycle 

A)  Main:  Air-cored  coil,  1  x  1  m  in  size, 

with  EM  source 

B)  Focussing  Air-cored  coil,  1  x  1  it  in  size 

above  main  coil 


Maximum  Output:  40,000  mV  for  low  gain 

10,000  mV  for  high  gain 


Dynamic  Range: 
Display: 

Data  Storage: 
Power  Supply: 


18  bits 

4-line  LCD  with  16  characters  per  line 

Solid-state  memory  for  up  to  20,364  records 

12  V  rechargeable  battery  for  4  h  continuous 
operations 


Operating  Weight  _ 

&  Dimensions:  Backpack:  10  ,kg;  Coil  Assemr  •  "■  *9 

(24  kg  trailer  mode; 

Backpack:  60  x  30  x  10  cm 
Coil:  a)  Main:  100  x  100  x  5  cm 

b)  Focussing:  100  x  100  x  2  cm 


Shipping  Weight 

&  Dimensions  61  kg  (86  kg  with  trailer) 

104  X  104  X  22  cm  (Box  1) 

54  x  54  x  52  cm  (Box  2)  with  trailer  option 
only 


MAGNETICS 


INTRODUCTION 

The  magnetometer  is  ^gnetcm^rl 

spatial  variations  in  the  Earth  s  g  operated  manually.  In 

are  highly  portable  “st"”“netic  |ie?I^ which  is  not  parallel  to 
the  proton  magnetometer,  a  “^netic  i  rich  in  protons  causing 

the  Earth's  field  is  aPP^®d  Artificial  field.  When  the 

them  to  partly  align  ^*,1?**  tons  precess  toward  realignment 
controlled  field  is  removed,  ^reouency  which  depends  on  the 

with  the  Earth's  f tel*  at  a  fr  measuring  this  precession 

£££.  tL^tafTSlnsilyot  the  field  can’be  determined. 

For  some  purposes  a  close  approximation  of  the  gradient^of  ithe 

field  is  determined  by  measuring  the  different  ^  dient  of 
between  two  closely  spaced  S*"®“S11  XofP^e  field  can  be  measured 

any  component  of  .^e  total  intensity  of^fl^^  ^  practice 

in  the  vertical  direction  or  any  h  vertical  gradient  of  the 

the  quality  measured  most  commonly  is  the  verti  y 

total  field. 

.  _  ti<iiiallv  made  with  portable 

Ground  magnetic  measurement  a  less  straight  and 

instruments  at  regular  intervals  along  mor  the  interval 

parallel  lines  which  cover  the >  alo„g  the  lines  is  less 
between  measurement  locations  (  o  dinary  land  surveying  methods 

than  the  spacing  b«t«een  lines  odinary  are  Bade; 

accuracy  o'?  l^eefin*  plan  is  usually  reguired. 

To  make  accurate  anomaly f 'su^^TOst^rTOnsider^T.  ^oSal 
field  during  the  period  of  the  su  Y  Jiurnai  drift,  are  a  few 
changes  during  a  day,  sometimes  c  ^thousands  of  gammas  may 

tens  of  gammas  but  storms.  During  severe 

occur  over  a  few  hours  aura,  s  s  .  maanetic  surveys  should 
magnetic  storms,  which  ^f  methods  of  correcting  surveys 

not  be  made.  There  are  a  ,  one  method  is  to 

for  temporal  variations.  <3  survey  area  and  to 

establish  a  base  or  reference  stat ion  A11  of  the 

repeat  measurements  at  this  lias  . .  Ti  corrected  by  assuming  a 

measurements  at  field  stations  time  interval  between  repeat 

linear  change  of  the  field  the  earth's 

base  station  readings.  This  m  .  continuously  recording 

field  is  relatively  quiet •  Jometi. nes^cc .ntii "monitor  temporal 

magnetometers  are  acurately  recorded  at  both  base  site  and 

changes.  If  time  is  accura  y  corrected  by  subtraction  of 

field  location  the  a  This  method  works  very  well  for 

the  variations  at  the  base  si  d^  ^  ^  site  ls  in  or  "ear  the 
surveys  of  small  areas,  p  urVGvs  of  large  areas  because, 

over' a  ^rgHr^  (?eS  of  kilometers),  temporal  variations  vary 
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spatially  in  an  unpredictable  manner. 

Intense  fields  from  man-made  electromagnetic  sources  can  be  a 
problem  in  magnetic  surveys.  Most  magnetometers  are  designed  to 

oDerate  in  fairly  intense  60  hertz  and  radio  frequency  fields. 
However  extremely^ low  frequency  fields  caused  by  equipment  using 
Street  current  or  the  switching  of  large  alternating  currents  can 
be  a  problem.  Pipelines  carrying  direct  current  tor  cathodl 
protection  can  be  particularly  troublesome.  With  great :  caj re , 
airborne  anomalies  on  the  order  of  one  nT  or  less  can  be  mapped 
areas  of  very  gentle  magnetic  expression.  Although  some 
ground  magnetometers  have  a  sensitivity  of  I 0.1  nT,  source: s  of 
cultural  and  geologic  noise  usually  prevent  full  use  of  this 
sensitivity  in  ground  measurements. 

After  all  corrections  have  been  made  magnetic  survey  data  are 
usually  displayed  as  individual  profiles  or  as  contour  maps 
Geologic  interpretation  of  magnetic  anomalies  is  carried  out  by 
comparison  with  theoretical  anomalies  calculated  for  idealized 
geologic  models,  comparison  with  anomalies  over  known  9^01 ogi 
features,  and  from  constraints  provided  by  other  geophysical  and 
geological  results  in  the  area.  Identification  of  anomalies  caused 
by  cultural  features,  such  as  railroads,  pipelines,  and  bridges  is 
commonly  made  using  field  observations  and  maps  showing  such 
features .  There  are  no  well  established  analytical  procedures  to 
follow  for  identification  and  location  of  such  features. 

BACKGROUND 

The  Earth  possesses  a  magnetic  field  caused  primarily  by  sources  in 
the  core.  P  The  form  of  the  field  is  roughly  the  same  as  would  be 
caused  by  a  dipole  or  bar  magnet  located  near  the  Earth’s  center 
and  aligned  subparallel  to  the  geographic  axis.  The  intensity  of 
the  Earth's  field  is  customarily  expressed  in  S.I.  units  as 
nanoTeslas  (nT)  or  in  an  older  unit,  the  gamma.  Except  for  local 
perturbations,  the  intensity  of  the  Earth’s  field  varies  between 
about  45,000  and  60,000  nT  over  the  coterminous  United  States. 

Many  rocks  and  minerals  are  weakly  magnetic  or  magnetized  by 
induction  in  the  Earth's  field,  and  cause  spatial  perturbations  or 
"anomalies"  in  the  Earth's  main  field.  Man-made  objects  containing 
iron  or  steel  are  often  highly  magnetized  and  locally  can  cause 
large  anomalies  up  to  several  thousands  of  nT. 

Magnetic  methods  are  generally  used  to  map  the  location  and  size of 
ferrous  objects*  Determination  of  the  applicability  ^  o 
magnetics  method  is  done  by  an  experienced  engineering 
geophysicist.  Modeling  and  incorporation  of  auxiliary  information 
may  be  necessary  to  produce  an  adequate  work  plan. 

The  Earth's  magnetic  field  dominates  most  measurements  on  the 
surface  of  the  earth.  Permanently  magnetized  earth  materials  with 
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fields  like  a  common  bar  ™a^et  «  h  P  the  material  is  in 

magnetic  field  is  induced  in  most  materials  Earth's. 

the  presence  of  a  strong  magnetic  field  suen  f ield  on  the 
Induced  magnetization  refers  o  enhanced  causing  the  material 

material  wherein  the  material  is 

itself  to  act  as  a  ®^net.  The  field  ^  ^  arobient  field  and  to 
directly  proportion31  J to  th< e  in  h  ^  the  local  field-a  property 
the  ability  of  the  material  to  en^  ind^ed  magnetization  is  equal 

Wlltoe“^uctSUoSf  ttt  voile  magnetic  susceptibility  an  the 
inducing  field  of  the  earth: 

Where  I  is  the  induced  magnetization  per  unit  volume  in  cgs 

ftfSZ&Z&ZA  intensity  in  teslas  <A  vector, 
k  is  the  volume  magnetic  susceptibility. 

For  most  materials  k  is  much  iess  than  ^.  and^  in  f aot  is  geologic 
the  order  of  10-  for :  most  the  magnetic 

standpoint,  magnetite  and  1  .  -  magnetite  is  about  0.3. 

properties  of  rocks.  The  susceptibility  of  magnetic  prQspecting/ 

There  are  other  important  magnetic  determines  how  most  rocks 

but  the  amount  and  foni  of  ““iron  steel  and  other  ferromagnetic 
respond  to  an  inducing  field.  I  ,  several  orders  of  magnitude 

min  r:  *•  -1  which  is 

only  weakly  magnetic. 

The  importance  of  magnetite  cannot  be ojv^conta^ning  one  percent 
rock  materials  have  shown  that  a  rock  c°an“eln“9  10>,  or  one 

32S2?tiX  l^eAha^ft 

valuesS  g^ven^f  or  ^each^am^le  depends6  onal<fh<T°amount  of  magnetite 

SSTSSk  .  SUSCEPTIBJLiTY 

Altered  ultra  basics  10 ,  to  ^ s 

Basalt  q.4 

°abb?°  10  s  to  10‘3 

Granite  ,n.« 

?"de®  jb®  10-5  to  10- 

SeltC 

Schist  and  other  - 

Metamorphic  Rocks  J®. e  r°  °-5 

Most  Sedimentary  Rocks  10  8  to  10 

Limestone  and  Chert  1° 

m=%mi=mmv2 
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materials  in  ordinary  municipal  trash  and  in 

does  allow  the  magnetometer  to  be  used  in  direct  detection  o 
landfills  and  other  disposal  features.  Underground  steel 
where  isolated  from  interfering  anomalies,  cause  easily  detected 

magnetic  anomalies. 

FIELD  WORK 

The  magnetometer  is  operated  by  a  single  person.  However,  grid 
lavout  surveying  or  the  buddy  system  may  require  the  use  of 
another  technician.  If  two  magnetometers  are  available  Production 
is  usually  doubled  as  the  ordinary  operation  of  the  instrument 

itself  is  straight  forward.  The  use  of  a  base  several 

above.  Additionally#  some  QC/QA  procedures  require  that  s« everal 

field-type  stations  be  occupied  at  the  start  and  e  n  <*  o  f  ™orvyin 
work.  The  incorporation  of  computers  and  non-volatile  m  ry 
magnetometers  has  greatly  increased  the  ease  of  use  and 
handlina  canability  of  magnetometers.  The  instruments  typically 
Juf  keVSc  ol  position,  prompt  for  inputs,  and  internally 
store  the  data  for  an  entire  day  of  readings.  Downloading  the 
information  to  a  personal  computer  is  straight  forward  and  plots  of 
the  results  of  the  day's  work  can  be  prepared  each  night. 

The  base  magnetometer  is  activated  every  day  prior  to  collection  of 
any  ground  magnetic  data.  It  is  placed  at  least  100  feet  from  any 
metal  objects  or  travelled  roads  and  at  least  500  feet  from  Y 
power  lines.  The  sensor  is  mounted  above  the  ground  surface  a 
rotated  until  the  sensor  is  properly  oriented  (if  there  1 
preferred  orientation  marked  on  the  sensor).  The  unit  (see 
operator's  manual)  is  activated  and  the  time  is  recorded.  At  the 
end  of  the  field  day,  the  unit  is  deactivated  and  the  time 

recorded . 

Steel  and  other  ferrous  metals  in  the  vicinity  °f  a  magnetometer 
can  distort  the  data.  Thus,  large  (steel)  belt  Ruckles,  etc.  must 
be  removed  when  operating  the  unit.  The  magnetic  effect 
potentially  offensive  article  should  be  tested  for  its  effect  on 
magnetic  data.  If  a  compass  is  carried,  the  magnetometer  reading 
must  be  made  more  than  ten  feet  from  it. 

A  final  test  is  to  immobilize  the  magnetometer  and  take  readings 
while  the  operator's  body  is  moved  to  different  directions  around 
the  sensor.  If  the  readings  do  not  change  by  more  than  a  nT  or  so, 
the  operator  is  "magnetically  clean".  If  the  readings  d 
change, the  operator  must  find  the  ferrous  object  on  *he  operator  s 
person  that  is  causing  the  problem.  Zippers,  wtdm, .  passes 
frames,  boot  grommets,  room  keys,  pencils,  and  almost  anything  el 
can  have  steel  or  iron  in  them.  On  very  precise  surveys,  the 
operator  effect  must  be  held  under  one  nT. 

To  obtain  a  representative  reading,  the  sensor  should  be  held  well 
above  the  around.  This  procedure  is  done  because  of  the 
probability  of  collections  of  soil  magnetite  disturbing  the  reading 
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at  the  station.  In  rocky  te^a.*?  tghQf ' ^p'to  12° feet  have  been 
percentage  of  magnetite,  ff^sor  9  0ne  obvious  exception  to  this 
used  to  remove  near-surface  e °n*h ^  the  objective  is  to 
is  some  types  of  ordnance  detect  raDid-reading  magnetometer  is 
detect  near-surface  objects.  °££®  the  magnetometer  is  used 

used  (cycle  time  less  than  V  J*d  small  ferrous  objects  can 

to  sweep  across  an  area  near  the  ground.  Small  rerroj 

be  detected,  and  spurious  occurrence  of  ^J^n  Ordnance 
recognized  by  their  lower  enplitoae  and  the  recognition  of  the 

danaerous  oM^cts05  but  experience  in  separating  small  intense  and 
?“lrelring  anomalies  from  more  dispersed  geologic  noise. 

on  some  magnetics  surveys  the  field 

several  times  at  each  station  until  three  readings  a,re 
1  „T  .  on  other  surveys  you i  must  read  the  unit  sev« is 
record  each  reading.  The  work  plan  will  specify  wn  ^  Qf  the 

J2S£ f  ifs°raiaso9  ^corde^unle^s  **£“  magnetometer  stores  the 
readings  and  times  internally* 

Sheet-metal  barns,  power  lines,  and  ^.^"“"“Vs^ey? 
objects  will  occasionally  be  encountered  d  ^ni®ag  they  must  be 

When  a  magnetic  reading  is  taken  .  th  field  book  or  on 

described  and  the  distance  from  them  noted  m  the  tieia  o 

a  separate  cultural  survey  map  of  the  site. 

The  experienced  magnetics  operator  will  be  alert  for  the  possible 
occurrence  of  the  following  conditions: 

1  Excessive  gradients  beyond  the  magnetometers  ability  to  make 

X*  a  ctable  measurement.  Modern  magnetometers  give  a  quality 

factor  for  the  reading  or  otherwise  indicate  a  successful 
determination  of  the  value ^  of :  th ^  of  the  station 

locatior^and  ItheVad^usTments  of  te’chnigue  may  be  necessary 

to  produce  repeatable,  representative  data. 

2  Nearbv  metal  objects  which  may  cause  interference.  Some 

ELen?e 

?ounS??ons"ZriedCcansPaend^ bottles,  power  lines,  fences,  and 
o?herhidSen  factors  can  greatly  affect  magnetic  readings. 

INTERPRETATION 

Total  magnetic  field  disturbances  or 

iTnlnl  ^  an  infinite  number  of  possible 
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sources  can  produce  a  given  anomaly.  This  ambiguity  is  illustrated 
in  Figure  M-l  where  identical  magnetic  anomalies  are  accounted  for 
by  quite  different  distributions  of  causative  materials. 

One  additional  difficult  issue  is  the  fact  that  most  magnetometers 
used  measure  the  magnitude  of  total  field  of  the  earth.  The 
direction  of  the  field  is  not  recorded.  The  consequences  of  this 
fact  is  that  only  the  component  of  a  anomalous  field  in  the 
direction  of  earth's  main  field  is  measured.  Figure  M  2 
illustrates  this  consequence  of  the  measurement  technique. 

The  induced  nature  of  the  measured  field  makes  even  large  bodies 
act  as  dipoles,  that  is  like  a  large  bar  magnet.  If  the  (usual) 
dipolar  nature  of  the  anomalous  field  is  combined  with  the 
measurement  system  that  measures  only  the  component  in  the 
direction  of  the  earth's  field,  the  difficult  nature  of  most 
magnetic  interpretations  can  be  appreciated.  To  achieve  a 
qualitative  understanding  of  how  some  anomalies  may  look,  consider 
Figure  M-3.  From  this  figure,  based  on  a  distributed  body  of 
narrow  width  perpendicular  to  the  profile, one  can  see  how  the 
dipolar  nature  of  the  anomaly  is  muted.  The  negative  portion  of 
the  anomaly  is  less  than  1/10  of  the  positive  anomaly.  Figure  M-4 
however,  illustrates  the  anomaly  due  to  a  thin  but  more 
distributed  body.  The  body  in  figure  M-4  is  long  perpendicular  to 
the  profile.  Its  narrow  width  is  another  factor  which  adds  to  the 
negative  anomaly  off  to  the  north  of  the  body.  In  Figure  M-4  the 
negative  portion  of  the  anomaly  is  nearly  1/3  of  the  size  of  the 
positive  portion.  Note  that  for  the  body  in  Figure  M-4,  the  body 
is  located  closer  to  the  inflection  point  in  the  total  field 
measurement  rather  than  to  the  peak  of  the  anomaly. 
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Buckley  ANG  Base  Site  Investigation  of  Former  Warehouse  Area 
Management  and  Disposal  of  Investigation  Derived  Waste 

Three  types  of  wastes  were  produced  during  the  Site  Investigation: 

•  Water  from  equipment  decontamination; 

•  Water  produced  during  purging/developing  the  monitoring  wells/piezometers);  and 

•  Soil  from  drill  cuttings,  direct  push  equipment  cuttings,  and  equipment  decontamination). 

Management  and  disposal  of  these  wastes  depends  on  the  level  of  contaminants,  and  upon  Federal,  State 
and  local  regulations.  If  levels  of  contamination  are  detected  that  cause  the  waste  to  be  regulated  as  a 
hazardous  waste,  disposal  within  90  days  of  receiving  analytical  results  is  required.  Analytical  results 
were  received  on  2/27/97,  therefore  disposal  is  required  by  5/28/97. 


PURGE  WATER  MANAGEMENT  AND  DISPOSAL 

Drums:  FWA-DR-01, 

FWA-DR-02 

FWA-DR-03 

FWA-DR-04 

FWA-DR-05 

Based  upon  review  of  the  data,  purge  water  from  MW3  and  MW4,  and  PZ5  exceeds  the  criteria  for 
selenium  (1.0  mg/1)  in  40  CFR  261.24,  which  characterizes  the  purge  water  as  hazardous  waste.  Purge 
water  from  MW  6  and  MW7  exceed  the  TCLP  level  for  both  selenium  and  lead  (5.0  mg/1).  Purge  water 
from  MW4  also  exceeds  the  TCLP  for  tetrachloroethene  (0.7  mg/1). 

Three  options  are  available  in  Colorado: 

1 .  disposal  at  a  site  permitted  to  handle  the  water, 

2.  receipt  of  a  permit  to  discharge  to  the  POTW,  or 

3 .  receipt  of  a  permit  to  the  surface  discharge. 

In  the  State  of  Colorado,  a  permit  to  discharge  to  the  surface  or  to  a  POTW  for  this  minimal  volume  of 
water  could  be  obtained  in  a  short  period  of  time  (1  week).  However,  to  discharge,  the  CDPHE  would 
require  treatment  to  reduce  the  levels  of  contamination  to  a  lead  concentration  of  3 1  ppb  and  TCE  at  5  ppb. 

RECOMMENDATION:  The  cost  of  the  permit  application  ($100.00),  treating  the  water,  and 
reanalyzing  the  water  after  treatment  to  validate  that  the  treatment  levels  are  met  would  exceed  offsite 
disposal.  Due  to  the  small  volume  of  water  present  (5  drums  -  250  gallons)  off-site  disposal  is 
recommended. 
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Former  Warehouse  Area  IDW  Summary 


SOILS  MANAGEMENT  AND  DISPOSAL 


Drums:  FWA-DR-06 
FWA-DR-07 
FWA-DR-09 
FWA-DR-10 
FWA-DR-13 

Soil  cuttings  exist  from  monitoring  wells  1  and  2,  PZ5,  direct  push,  and  from  decontamination  pad  soils. 
These  soils  were  analyzed  for  TCLP  VOCs,  SVOCs,  and  metals.  Barium  and  lead  were  detected  below 
TCLP  regulatory  criteria.  No  other  TCLP  compounds  were  detected. 


RECOMMENDATION:  Soil  is  classified  as  non-hazardous.  Submit  analytical  results  to  the  State  and 
request  approval  to  dispose  of  the  soil  onsite. 


DECONTAMINATION  WATER  MANAGEMENT  AND  DISPOSAL 

Drums  FWA-DR-14 

Water  from  this  drum  was  analyzed  for  flashpoint,  halogenated  and  aromatic  VOCs,  and  metals. 
Flashpoint  and  all  concentrations  of  detected  compounds  are  below  City  of  Aurora  wastewater  discharge 
limitations. 

RECOMMENDATION:  Decontamination  water  is  non-hazardous.  Disposal  to  surface  water  requires  a 
permit;  however,  due  to  the  low  levels  of  metals,  expensive  pre-treatment  and  re-analysis  of  the  water  after 
treatment  would  be  required.  Based  upon  review  of  the  levels  of  contamination  and  discussions  with  the 
State,  there  are  two  possible  disposal  options: 

1.  Submit  analytical  results  to  the  City  of  Aurora  and  request  approval  to  dispose  within  the  City 
sanitary  sewer  system.  The  City  may  allow  disposal  to  the  POTW  provided  the  water  can  be  trickled 
into  the  system  over  some  period  of  time. 

2.  Due  to  the  small  volume  of  water  (and  the  low  levels  of  metal  contamination),  the  State  will  allow 
disposal  onto  the  ground,  provided  the  water  is  disposed  in  an  upland  location,  rather  than  a  drainage 
swale  or  watercourse. 
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Summary  of  IDW  Drum  Contents  and  Analytical  Data  -  Soils  and  Water 
Former  Warehouse  Area  Site  Investigation 
Buckley  Air  National  Guard  Base,  Aurora,  Colorado 
Contents  I  Analytical  Data  I  Comments  I  Recommendations 
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FORM  GTG-2.2.2 


Former  Warehouse  Area  Site  Investigation 
Buckley  Air  National  Guard  Base 
Aurora,  Colorado 


Monitoring  Well  Construction  Log 
Well  No.:  FWAMW4 


5529.61  ftmsl 

REFERENCE  ELEVATION. 


5527.01  ftrtST" 

SURFACE  ELEVATION. 


BOREHOLE  DIAMETER 


Bentonite  Grout 

GROUT/BACKFILL 


5509.14  ftmsl 

GROUNDWATER  ELEVATION ' 


1/17/97 

DATE  MEASURED 


CASING  TYPE 


9.3  bgs 

DEPTH  (TOP  OF  SEAL)  - 


16.60  ft 


12  ft  bgs 

DEPTH  (BOTTOM  OF  SEAL) 


Bentonite  Chips  (hydrated) 


14  ft  bgs 

DEPTH  (TOP  OF  SCREEN)  - 


PVC  Slotted 

SCREEN  TYPE 


10/20  Silica  Sand 


FILTER  PACK 


NOTE:  GEOLOGIC  CONDITIONS 
ENCOUNTERED  WHILE  DRILLING  ARE  SHOWN 
ON  BORING  LOGS:  FWAMW4 

TF:  (755190061  CLIENT:  ANG 


24  ft  bgs  I 

DEPTH  (BOTTOM  OF  SCREEN)] 

39  ft  bgs  L 

DEPTH  (BOTTOM  OF  HOLE)  x 


DRILLER  CONTRACTOR:  Goodson  &  Associates 


STARTED:  11/11/96  COMPLETED:  1 1/12/96 


INSPECTOR:  A.  Ellison  COMPANY:  SWEC 
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FORM  GTG-2  2.2 


Former  Warehouse  Area  Site  Investigation 
Buckley  Air  National  Guard  Base 
Aurora,  Colorado 


Monitoring  Well  Construction  Log 
Well  No.:  FWAMW6 


5531.58  ft  msl 


REFERENCE  ELEVATION. 


5528.69  ft  m5 


SURFACE  ELEVATION. 


BOREHOLE  DIAMETER 


Bentonite  Grout 

GROUT/BACKFILL 


5505.34  ft  msl 

GROUNDWATER  ELEVATION  ' 


1/17/97 

DATE  MEASURED 


CASING  TYPE 


21.89  ft 


14  ft  bgs 

DEPTH  (TOP  OF  SEAL)  ■ 


17  ft  bgs 

DEPTH  (BOTTOM  OF  SEAL) 


Bentonite  Chips  (hydrated) 


19  ft  bgs 

DEPTH  (TOP  OF  SCREEN)  - 


PVC  Slotted  10  ft 


29  ft  bgs  | 

DEPTH  (BOTTOM  OF  SCREEN)! 

39  ft  bgs  L 

DEPTH  (BOTTOM  OF  HOLE)  ^ 


SCREEN  TYPE 


10/20  Silica  Sand 


FILTER  PACK 


NOTE:  GEOLOGIC  CONDITIONS 
ENCOUNTERED  WHILE  DRILLING  ARE  SHOWN 
ON  BORING  LOGS:  FWAMW6 


oodson  &  Associates 


STARTED:  1 1/1 1/96  COMPLETED:  i  1/12/96 


INSPECTOR:  A.  Ellison 


COMPANY:  SWEt 
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FORM  GTG-2.2.2 


Former  Warehouse  Area  Site  Investigation 
Buckley  Air  National  Guard  Base 
Aurora,  Colorado 


Monitoring  Well  Construction  Log 
Well  No.:  FWAMW7 


5529.52  ft  msl 

REFERENCE  ELEVATION. 


5526.79  ft  mgr” 

SURFACE  ELEVATION. 


BOREHOLE  DIAMETER 


Bentonite  Grout 

GROUT/BACKFILL 


5509.54  ft  msl 

GROUNDWATER  ELEVATION  ' 


1/17/97 

DATE  MEASURED 


CASING  TYPE 


8.0  ft  bgs 

DEPTH  (TOP  OF  SEAL)  - 


16.98  ft 


11.1  ft  bgs 

DEPTH  (BOTTOM  OF  SEAL) 


Bentonite  Chips  (hydrated) 


14.25  ft  bgs 

DEPTH  (TOP  OF  SCREEN)  - 


PVC  Slotted 

SCREEN  TYPE 


10/20  Silica  Sand 


FILTER  PACK 


NOTE:  GEOLOGIC  CONDITIONS 
ENCOUNTERED  WHILE  DRILLING  ARE  SHOWN 
ON  BORING  LOGS:  FWAMW7 


24.25  ft  bgs  | 

DEPTH  (BOTTOM  OF  SCREEN)] 

24.5  ft  bgs  ^ 

DEPTH  (BOTTOM  OF  HOLE)  „ 


DRILLER  CONTRACTOR:  Goodson  &  Associates 

STARTED:  11/11/96  COMPLETED:  1 1/12/96 


"INSPECTOR:  A.  Ellison 


COMPANY:  SWEC 
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FORM  GTG-2.2.2 


Former  Warehouse  Area  Site  Investigation 
Buckley  Air  National  Guard  Base 
Aurora,  Colorado 


Piezometer  Construction  Log 
Piezometer  No.:  FWAPZ2 


5540.66  ft  msl 

REFERENCE  ELEVATION. 


5537.76  ft  irfgr- 

SURFACE  ELEVATION. 


BOREHOLE  DIAMETER 


Bentonite  Grout 

GROUT/BACKFILL 


5515.20  ft  msl 

GROUNDWATER  ELEVATION  ' 


1/17/97 

DATE  MEASURED 


CASING  TYPE 


12.42  ft  bgs 

DEPTH  (TOP  OF  SEAL)  . 


19.90  ft 


14.83  ft  bgs 

DEPTH  (BOTTOM  OF  SEAL) 


Bentonite  Chips  (hydrated) 


17  ft  bgs 

DEPTH  (TOP  OF  SCREEN)  - 


PVC  Slotted 


SCREEN  TYPE 


10/20  Silica  Sand 


FILTER  PACK 


NOTE:  GEOLOGIC  CONDITIONS 
ENCOUNTERED  WHILE  DRILLING  ARE  SHOWN 
ON  BORING  LOGS:  FWAPZ2 

iT)7  032 19006 1  CLIENT:  ANG 


27  ft bgs  [ 

DEPTH  (BOTTOM  OF  SCREEN)] 

30.08  ft  bgs 

DEPTH  (BOTTOM  OF  HOLE)  , 


DRILLER  CONTRACTOR:  Goodson  &  Associates 

STARTED:  11/01/96  COMPLETED:  1 1/01/96 
INSPECTOR:  K.  Snyder  COMPANY:  SWEC 
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FORM  GTG-2  .2.2 


Former  Warehouse  Area  Site  Investigation 
Buckley  Air  National  Guard  Base 
Aurora,  Colorado 


Piezometer  Construction  Log 
Piezometer  No.:  FWAPZ4 


5545.69  ft  msl 

REFERENCE  ELEVATION. 


5543.39  ft  nlST- 

SURFACE  ELEVATION,  j 


BOREHOLE  DIAMETER 


Bentonite  Grout 

GROUT/BACKFILL 


5503.10  ft  msl 

GROUNDWATER  ELEVATION  ' 


1/17/97 

DATE  MEASURED 


CASING  TYPE 


39.5  ft  bgs 

DEPTH  (TOP  OF  SEAL)  - 


46.3  ft 


42  ft  bgs 

DEPTH  (BOTTOM  OF  SEAL) 


Bentonite  Chips  (hydrated) 


44  ft  bgs 

DEPTH  (TOP  OF  SCREEN)  - 


PVC  Slotted 

SCREEN  TYPE 


10/20  Silica  Sand 


FILTER  PACK 


NOTE:  GEOLOGIC  CONDITIONS 
ENCOUNTERED  WHILE  DRILLING  ARE  SHOWN 
ON  BORING  LOGS:  FWAPZ4 

HT:  552190061  CLIENT:  ANG 


54  ft  bgs  [ 

DEPTH  (BOTTOM  OF  SCREEN)] 

54  ft  bgs  ^ 

DEPTH  (BOTTOM  OF  HOLE)  x 


DRILLER  CON  IT 


joodson  &  Associates 


STARTED:  1 1/12/96  COMPLETED:  1 1/13/96 
INSPECTOR:  A.  Ellison  COMPANY:  SWEC 
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FORM  GTG-2.2.2 


Former  Warehouse  Area  Site  Investigation 
Buckley  Air  National  Guard  Base 
Aurora,  Colorado 


Piezometer  Construction  Log 
Piezometer  No.:  FWAPZ6 


5526.90  ft  msl 

REFERENCE  ELEVATION. 


5524.09  ft  iri ST 

SURFACE  ELEVATION. 


BOREHOLE  DIAMETER 


Bentonite  Grout 

GROUT/BACKFILL 


5504.95  ft  msl 

GROUNDWATER  ELEVATION  ' 


1/17/97 

DATE  MEASURED 


CASING  TYPE 


8  ft  bgs 

DEPTH  (TOP  OF  SEAL)  . 


15.81  ft 


10.42  ft  bgs 

DEPTH  (BOTTOM  OF  SEAL) 


Bentonite  Chips  (hydrated) 


13  ft  bgs 

DEPTH  (TOP  OF  SCREEN)  - 


PVC  Slotted 

SCREEN  TYPE 


10/20  Silica  Sand 


FILTER  PACK 


NOTE:  GEOLOGIC  CONDITIONS 
ENCOUNTERED  WHILE  DRILLING  ARE  SHOWN 
ON  BORING  LOGS:  FWAPZ6 

JT:  552190061  CLIENT:  ANG 


23  ft  bgs  [ 

DEPTH  (BOTTOM  OF  SCREEN)] 

39  ft  bgs  L 

DEPTH  (BOTTOM  OF  HOLE)  „ 


ER  CONTRACTOR:  Ooodson  &  Associates 


STARTED:  1 1/04/96  COMPLETED:  1 1/04/96 


INSPECTOR:  K.  Snyder  COMPANY:  SWEC 
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APPENDIX  G 


Aquifer  Slug  Testing  Report 


Former  Warehouse  Area  Site  Investigation 
Buckley  Air  National  Guard  Base 
Aurora,  Colorado 


Complete  report  of  slug  testing  investigation  activities  and  calculation  of  hydraulic  conductivity. 


This  page  intentionally  left  blank. 


Appendix  G 
Slug  Testing 

Former  Warehouse  Area  Site  Investigation 


1.0  Introduction 

Slug  testing  was  performed  as  part  of  the  FWA  SI  for  all  installed  piezometers  and  monitoring 
wells  to  determine  the  hydraulic  conductivity  of  the  shallow  aquifer.  Slug  testing  was  performed 
on  November  21,  25,  and  26,  1996  follow  the  completion  of  the  first  groundwater  sampling 
round.  A  total  of  eleven  tests  were  performed.  One  slug  test  was  performed  at  each  piezometer 
and  monitoring  well  except  for  piezometer  PZ2  for  which  two  tests  were  performed. 

2.0  Procedure 

Rising  head  slug  tests  were  performed  for  all  installed  piezometers  and  monitoring  wells.  Slug 
testing  consisted  of  displacing  a  known  volume  of  water  within  the  piezometer  or  monitoring 
well  with  a  slug  ballast  that  is  lowered  into  the  monitoring  well.  The  water  level  was  allowed  to 
equilibrate  to  within  90%  of  initial  water  level  conditions,  then  the  ballast  was  quickly  raised 
from  the  well.  The  water  level  recovery  response  within  the  well  was  recorded  with  an 
electronic  data  logger  using  a  level-type  pressure  transducer.  The  well  response  time-drawdown 
recovery  was  then  analyzed  to  obtain  aquifer  hydraulic  conductivity  values.  Only  rising  head 
slug  tests  were  applicable  since  only  water  table  conditions  were  encountered. 

The  slug  ballast  consisted  of  a  4-foot  long,  1-inch  diameter  PVC  pipe  that  was  filled  with  sand 
and  sealed  at  both  ends.  The  volume  of  the  slug  ballast  is  approximately  0.022  ft3  (0.164 
gallons).  The  decontaminated  slug  ballast  was  lowered  and  raised  within  the  piezometer  or 
monitoring  well  with  nylon  rope. 

Electronic  measuring  equipment  consisted  of  a  Hermit  Data  Logger  (model  2000)  connected  to 
an  electronic  pressure  transducer  (Hermit  model  PTX-161).  The  pressure  transducer  was 
installed  at  the  bottom  of  the  piezometer  or  well  and  connected  to  the  data  logger  via  electric 
cable.  The  data  logger  converted  the  electronic  signal  from  the  transducer  into  depth  of  water. 
The  data  logger  was  used  to  electronically  record  changing  water  levels  within  the  piezometer  or 
monitoring  well  during  the  slug  test.  This  data  was  then  electronically  transferred  to  a  portable 
computer  for  subsequent  data  interpretation. 

Slug  tests  were  conducted  for  a  minimum  of  40  minutes  to  obtain  adequate  data  for  aquifer 
conductivity  analysis. 

3.0  Analysis 

Analysis  of  the  slug  test  data  consists  of  three  steps.  The  first  step  involves  the  screening  of  the 
raw  data  to  determine  that  usable  data  was  obtained  for  subsequent  analyses.  The  second  step 
involves  analysis  of  the  data  using  the  appropriate  analytical  method.  The  final  step  calculates 
the  geometric  mean  of  the  hydraulic  conductivity  data  and  evaluates  spatial  differences. 
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3 . 1  Raw  Data  Screening 


Examination  of  the  raw  slug  test  data  indicates  that  it  is  acceptable  for  analytical  analysis. 
Attachment  I  contains  the  raw  data  from  each  slug  test.  This  data  includes  the  time  of  each 
measurement,  depth  to  water  within  the  well,  and  a  semi-log  plot  of  groundwater  level  and  time. 

Each  data  plot  represents  the  characteristic  sudden  rise  in  water  level  followed  by  a  slower 
gradual  rise  in  water  level  through  time.  The  rise  in  water  level  is  generally  one  foot  or  less 
during  the  duration  of  the  slug  test  for  each  well.  The  initial  sudden  rise  is  water  level  is 
primarily  the  result  of  drainage  from  the  well  screen  sand  pack  into  the  well.  A  break  in  the 
slope  of  the  water  level  versus  time  plot  occurs  within  30  to  60  seconds  following  initiation  of 
the  test.  This  secondary  slope  is  representative  of  aquifer  conditions. 

The  data  contains  no  erratic  changes  in  water  level  suggesting  a  malfunction  of  recording 
equipment  or  operator  error.  These  factors  indicate  that  the  data  is  acceptable  for  further 
analysis. 

3.2  Analytical  Analysis 

The  Bower  and  Rice  method  (Bower  1976)  was  used  to  analyze  the  slug  test  data.  This  method 
is  based  on  Thiem’s  equation  utilizing  straight  line  “best  fit”  techniques  coupled  with  empirical 
values  for  hydraulic  head  dissipation  based  on  various  well  geometries.  Hydraulic  conductivity 
is  determined  by  this  method.  The  following  steps  and  equations  outline  the  Bower  and  Rice 
method. 

Step  1:  On  semi-log  paper,  plot  the  observed  head  (Y,)  against  the  corresponding  t.  Place  Yt  on 
the  logarithmic  scale. 

Step  2:  Select  a  “best  fit”  straight  line  through  the  plotted  points. 

Step  3:  Using  the  “best  fit”  straight-line  plot,  calculate  (l/t)ln(Y0/Y,)  for  an  arbitrarily  selected 
value  of  t  and  its  corresponding  h,. 

Step  4:  The  Bower  and  Rice  method  graphically  presents  empirical  parameters  derived  from 
well  geometries.  Knowing  length  of  the  well  screen/sand  pack  (L)  and  combined  radius  of  the 
well  screen  and  sand  pack  (rw),  determine  parameters  A  and  B  from  D/rw  if  the  tested  well  is 
partially  penetrating,  or  determine  parameter  C  if  the  well  is  fully  penetrating,  (see  Bower, 
1976,  to  determine  these  parameters). 

Step  5 :  Calculate  lnOR^rJ : 

If  the  well  is  partially  penetrating  then  calculate  ln(R,,/rw)  from  equation  1. 
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+ 


(1) 


ln^- 


1.1 


A  +  Bln 


In 


D-H, 


-l 


If  the  well  is  fully  penetrating  then  calculate  ln(iyrw)  from  equation  2. 


(2) 


Where:  A,  B,  C  =  parameters  from  Figure  G-l 

D  =  entire  unconfined  aquifer  thickness 

H  =  saturated  thickness  of  aquifer  from  water  table  to  bottom  of  well 
L  =  length  of  well  screen  or  open  section  of  well 

Step  6:  Calculate  K  from  equation  3. 


Where:  rc  =  radius  of  the  unscreened  part  of  the  well  where  the  head  is  rising 

A  computer  program  (Hall,  1996)  was  used  to  assist  with  curve  matching  and  calculation  of 
hydraulic  conductivity.  Computer  program  input  and  output  parameters  are  presented  in 
Attachment  II. 


A  summary  of  calculated  hydraulic  conductivity  values  is  presented  in  Table  G-l. 

The  range  of  hydraulic  conductivity  values  across  the  FWA  is  fairly  uniform.  Conductivity 
values  have  a  variation  of  less  than  2  orders  of  magnitude  ranging  from  4.93xl0'6  ft/s  at 
FWAMW03  to  8.79xl0'7  ft/s  at  FWAPZ01.  An  area  of  relatively  high  conductivity  is  evident 
across  the  FWA  from  the  area  of  monitoring  well  FWAMW06  and  FWAMW07  to  piezometer 
FWAPZ02  to  the  northeastern  side  of  the  site  in  the  vicinity  of  monitoring  well  FWAMW03. 
Areas  of  relatively  low  hydraulic  conductivity  occur  in  northwest,  southwest,  and  central 
eastern  portion  of  the  FWA  as  determined  by  piezometers  FWAPZ03,  FWAPZ01,  and 
FWAPZ04.  The  distribution  of  hydraulic  conductivity  values  across  the  FWA  is  presented  in 
Figure  G-2. 
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Figure  G-l 
Empirical  Parameters 


Table  G-l 

Calculated  Hydraulic  Conductivity 


Piezometer/Monitoring  Well 


K  (ft/s) 


K(cm/s) 


FWAPZ01 


FWAPZ02  (test  1) 


8.797xl0"7 


2.033x10-* 


2.683x10' 


6.201x10- 


FWAPZ02  (test  2) 


2.213xl0"6 


6.750x10- 


FWAPZ03 


FWAPZ04 


1.690xl0"7 


3.821xl0'7 


5. 155x10’* 


1.001x10- 


FWAPZ05 


1.286xl0'6 


3.922xl0'5 


FWAPZ06 


1.926x10'* 


5.874x10- 


FWAMW03 


4.931x10-* 


1.504X10-4 


FWAMW04 


1.489x10-* 


4.541xl0'5 


FWAMW06 


1.392x10  s 


4.246x10* 


FWAMW07 


1.602x10* 


4.886x10- 
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3.3  Geometric  Mean 


The  geometric  mean  is  used  to  determine  the  average  hydraulic  conductivity  for  a  given  site. 
If  two  or  more  slug  test  results  are  available  from  different  wells  within  the  same 
hydrogeologic  unit  then  the  geometric  mean  is  used  to  determine  the  average  hydraulic 
conductivity  of  the  site.  The  geometric  mean  is  determined  by  equation  4. 

n  =  i+V(X  i)(xm)---(xi+z)  (4) 

The  hydraulic  conductivity  geometric  mean  calculated  for  the  FWA  shallow  aquifer  is 
1.17xl0'6  ft/s  (3.57xl0'5  cm/s).  (The  geometric  mean  of  the  two  Piezometer  PZ2  tests 
(2.121X10"6  ft/s)  was  used  in  this  calculation).  The  hydraulic  conductivity  geometric  mean 
value  is  representative  of  a  silts,  loess,  silty  sands,  and  clays.  These  lithologic  materials 
typical  comprised  the  shallow  aquifer  at  the  FWA. 

4.0  General  Discussion 

In  general,  calculation  of  the  geometric  mean  for  hydraulic  conductivity  for  a  site  should  be 
used  with  caution  if  the  geology  of  a  site  is  complex.  The  geologic  borings  for  each 
piezometer  or  well  should  be  studied  to  determine  if  all  wells  can  be  grouped  together  or  in 
separate  subgroups  representative  of  specific  geologic  conditions  at  the  site. 

The  degree  of  hydraulic  conductivity  measured  at  each  piezometer  or  monitoring  well  is 
reflective  of  the  type  of  lithology  encountered  within  the  screened  interval.  Piezometers  or 
wells  which  are  screened  across  coarser  lithologic  material  have  a  high  hydraulic  conductivity 
then  those  screened  within  finer  materials.  Monitoring  well  FWAMW03  is  screened  across 
approximately  2  feet  of  fine  to  medium  sand  and  as  a  result,  has  the  highest  measured 
hydraulic  conductivity.  The  relationship  between  medium/low  hydraulic  conductivity  values 
and  screened  lithology  is  not  as  evident.  For  example,  piezometers  FWAPZ01  exhibits  a 
relatively  low  hydraulic  conductivity  but  is  screened  within  two  to  three  feet  of  clayey  sand 
within  the  shallow  aquifer.  For  several  piezometer  and  wells,  the  complete  lithology  of  the 
screened  interval  is  not  known  due  to  incomplete  recovery  of  the  boring  core.  This  missing 
lithology  may  consist  of  fine  or  coarse  grained  material  which  will  influence  the  hydraulic 
conductivity  of  the  shallow  aquifer. 
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2000.0 


5.0  Summary 


Slug  testing  was  performed  as  part  of  the  FWA  SI  for  all  installed  piezometers  and  monitoring 
wells  to  determine  the  hydraulic  conductivity  of  the  shallow  aquifer.  Rising  head  slug  testing 
was  performed  on  November  21 ,  25,  and  26,  1996  following  completion  of  the  first  groundwater 
sampling  round.  A  total  of  eleven  tests  were  successfully  performed. 

The  range  of  hydraulic  conductivity  values  across  the  FWA  is  fairly  uniform.  Conductivity 
values  have  a  variation  of  less  than  2  orders  of  magnitude  ranging  from  4.93x10  ft/s 
(1.50X10-4  cm/s)  at  FWAMW03  to  8. 79x1 0‘7  ft/s  (2.68xl0‘5  cm/s)  at  FWAPZ01.  The 
hydraulic  conductivity  geometric  mean  calculated  for  the  FWA  shallow  aquifer  is  1.17x10-6 
ft/s  (3. 57x1 0‘5  cm/s).  An  area  of  relatively  high  conductivity  is  evident  across  the  FWA  from 
the  area  of  monitoring  well  FWAMW06  and  FWAMW07  to  piezometer  FWAPZ02  to  the 
northeastern  side  of  the  site  in  the  vicinity  of  monitoring  well  FWAMW03.  Areas  of 
relatively  low  hydraulic  conductivity  occur  in  northwest,  southwest,  and  central  eastern 
portion  of  the  FWA  as  determined  by  piezometers  FWAPZ03,  FWAPZ01,  and  FWAPZ04. 

6.0  Terms 

Unconfined  Aquifer 

An  Unconfined  or  Water-Table  aquifer  is  a  distinct  geologic  unit  that  contains  sufficient 
saturated  permeable  material  to  yield  significant  quantities  of  water  to  wells,  springs,  or 
excavations,  and  has  an  upper  boundary  to  the  saturated  zone  that  is  free  to  move  upward  or 
downward  through  the  rock  or  soil  matrix,  as  water  is  added  to  or  taken  from  the  aquifer. 
When  a  well  positioned  within  an  unconfined  aquifer  is  pumped,  water  is  released  from 
storage  both  by  elastic  response,  as  in  a  confined  aquifer,  and  also  by  draining  the  pour  spaces 
in  the  upper  portions  of  the  aquifer. 

Confined  Aquifer 

A  Confined  or  artesian  aquifer  is  a  distinct  geological  unit  that  contains  sufficient  saturated 
permeable  material  to  yield  significant  quantities  of  water  to  a  well.  It  is  isolated  from  the 
atmosphere  at  the  point  of  discharge  by  impermeable  geologic  formations.  Confined 
groundwater  is  generally  subject  to  pressure  greater  than  atmospheric.  Water  within  the 
aquifer  is  released  from  storage  when  pumped. 

Hydraulic  Conductivity 

Hydraulic  Conductivity  (K)  is  the  volume  of  water  at  the  existing  kinematic  viscosity  that  will 
move  in  unit  time  under  a  unit  hydraulic  gradient,  through  a  unit  area  of  the  aquifer  measured 
at  right  angles  to  the  direction  of  flow.  Hydraulic  Conductivity  is  a  vector  quantity.  If 
direction  is  not  indicated  (Kx,  K,,  and  KJ,  then  the  value  is  assumed  to  be  measured  in  the 
horizontal.  Expressed  as  a  velocity,  Length/Time. 

Storativity 
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Storativity  (S)  (sometimes  called  the  Coefficient  of  Storage)  is  the  volume  of  water  an  aquifer 
releases  from  or  takes  into  its  interstices  (pore  spaces)  per  unit  of  horizontal  surface  area  of  the 
aquifer  per  unit  change  in  head  of  the  water  within  the  aquifer. 

Transmissivity 

Transmissivity  (T),  sometimes  called  Transmissibility  or  Coefficient  of  Transmissibility,  is  the 
rate  at  which  water  of  the  prevailing  kinematic  viscosity  is  transmitted  through  a  unit  width  of 
the  aquifer  under  a  unit  hydraulic  gradient.  In  a  homogeneous  aquifer,  it  is  equal  to  the 
Hydraulic  Conductivity  of  the  aquifer  material  times  the  saturated  thickness  of  the  aquifer. 
Transmissivity  is  expressed  in  terms  of  Length2/Time  [Hydraulic  Conductivity  (Length/Time) 
times  aquifer  thickness  (Length)  equals  Transmissivity  (Length2/Time)]. 
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0.0333 

25.426 

1.998 

22.526 

0.0416 

25.382 

2.496 

22.482 

0.05 

25.35 

3 

22.45 

0.0583 

25.334 

3.498 

22.434” 

0.0666 

25.315 

3.996 

22.415 

0.075 

25.302 

4.5 

22.402 

0.0833 

25.292 

4.998 

22.392 

0.0916 

25.283 

5.496 

22.383 

0.1 

25.28 

6 

22.38 

0.1083 

25.273 

6.498 

22.373 

0.1166 

25.267 

6.996 

22.367 

0.125“ 

25.264 

7.5 

22.364 

0.1333 

25.261 

7.998 

22.361 

0.1416 

25.258 

8.496 

22.358 

0.15 

25.254 

9 

22.354 

0.1583 

25.251 

9.498 

22.351 

0.1666 

25.248 

9.996 

22.348 

0.175 

25.248 

10.5 

22.348 

0.1833 

25.245 

10.998 

22.345 

0.1916 

25.245 

11.496 

22.345 

0.2 

25.242 

12 

22.342 

0.2083 

25.242 

12.498 

22.342 

0.2166 

25.238 

12.996 

22.338 

0.225 

25.238 

13.5 

22.338 

AII_Slug_data.xls 


Appendix  G,  Attachment  1,  Page  9 


0.2333 

0.2416 

0.25 

0.2583 

0.2666 

0.275 

0.2833 

0.2916 

0.3 

0.3083 

0.3166 

0.325 

0.3333 

0.35 

0.3666 

0.3833 

0.4 

0.4166 

0.4333 

0.45 

0.4666 

0.4833 

0.5 

0.5166 

0.5333 

0.55 

0.5666 

0.5833 

0.6 

0.6166 

0.6333 

0.65 

0.6666 

0.6833 

0.7 

0.7166 

0.7333 

0.75 

0.7666 

0.7833 

0.8 

0.8166 

0.8333 

0.85 

0.8666 

0.8833 

0.9 

0.9166 

0.9333 


25.235 

25.235 

25.235 

25.232 

25.232 

25.232 

25.229 

25.229 

25.229 

25.226 

25.226 

25.226 

25.226 

25.223 

25.223 

25.219 

25.219 

25.219 

25.216 

25.216 

25.216 

25.216 

25.216 

25.213 

25.213 

25.213 

25.213 

25.21 

25.21 

25.21 

25.21 

25.21 

25.21 

25.207 

25.207 

25.207 

25.207 

25.207 

25.203 

25.203 

25.203 

25.203 

25.203 

25.203 

25.2 

25.203 

25.2 

25.2 

25.2 


13.998! 

14.496: 

.  15 

15.498! 

15.996; 

leTsf 

16.998! 
17.496 1 
181 
18.498' 
18.996" 
19.5 ' 

19.998 
21 

21.996" 
22.998 " 
24 

24.996 " 
25.998 ' 
27 

27.996 ' 
28.998 ' 
30" 
30.996 " 
31.998" 
33" 
33.996 " 
34.998 " 
36" 
36.996 " 
37.998 " 
39" 
39.996 " 
40.998 " 
42" 
42.996 " 
43.998 " 
45“ 

45.996  “ 

46.998  " 
48" 

48.996  " 

49.998  " 
51" 

51.996” 

52.998  “ 
54 

54.996 

55.998 


22.335 

22.335 

22.335 

22.332 

22.332 

22.332 

22.329 

22.329 

22.329 

22.326 

22.326 

22.326 

22.326 

22.323 

22.323 

22.319 

22.319 

22.319 

22.316 

22.316 

22.316 

22.316 

22.316 

22.313 

22.313 

22.313 

22.313 

22.31 

22.31 

22.31 

22.31 

22.31 

22.31 

22.307 

22.307 

22.307 

22.307 

22.307 

22.303 

22.303 

22.303 

22.303 

22.303 

22.303 

22.3 

22.303 

22.3 

22.3 

22.3 
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0.95 

0.9666 

0.9833 

1 

1.2 

1.4 

1.6 

1.8 

2 

2.2 

2.4 

2.6 

2.8 

3 

3.2 

3.4 

3.6 

3.8 

4 

4.2 

4.4 

4.6 

4.8 

5 

5.2 

5.4 

5.6 

5.8 

6 

6.2 

6.4 

6.6 

6.8 

7 

7.2 

7.4 

7.6 

7.8 

8 

8.2 

8.4 

8.6 

8.8 
9 

9.2 

9.4 

9.6 

9.8 
10 


25.2 

25.2 

25.197 

25.197 

25.194 

25.191 

25.188 

25.184 

25.181 

25.178 

25.178 

25.175 

25.175 

25.172 

25.172 

25.168 

25.165 

25.165 

25.162 

25.162 

25.162 

25.159 

25.159 

25.159 

25.156 

25.156 

25.156 

25.153 

25.153 

25.149 

25.146 

25.146 

25.146 

25.146 

25.143 

25.143 

25.143 

25.143 

25.14 

25.14 

25.137 

25.137 

25.137 

25.133 

25.133 

25.133 

25.133 

25.133 

25.13 


57 

57.996 

58.998 

60 

72 

84 

96 

108 

120 

132 

144 

156 

168 

180 

192 

204 

216 

228 

240 

252 

264 

276 

288 

300 

312 

324 

336 

348 

360 

372 

384 

396 

408 

420 

432 

444 

456 

468 

480 

492 

504 

516 

528 

540 

552 

564 

576 

588 

600 


22.3 

22.3 

22.297 

22.297 

22.294 

22.291* 

22.288 

22.284 

22.281 

22.278 

22.278 

22.275 

22.275 

22.272 

22.272 

22.268 

22.265 

22.265 

22.262 

22.262 

22.262 

22.259 

22.259 

22.259 

22.256 

22.256 

22.256 

22.253 

22.253 

22.249 

22.246 

22.246 

22.246 

22.246 

22.243 

22.243 

22.243 

22.243 

22.24 

22.24 

22.237 

22.237 

22.237 

22.233 

22.233 

22.233 

22.233 

22.233 

22.23 
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12 

25.127 

720 

22.227 

14 

25.118 

840 

22.218 

16 

25.108 

960 

22.208 

18 

25.102 

1080 

22.202 

20 

25.095 

1200 

22.195 

! 

22 

25.092 

1320 

22.192 

I 

24 

25.086 

1440 

22.186 

1 

26 

25.079 

1560 

22.179 

1 

28 

|  25.073 

1680 

22.173 

30 

25.07 

1800 

22.17 

32 

25.067 

1920 

22.167 

34 

25.06 

2040 

22.16 

36 

25.057 

2160 

22.157 

38 

25.054 

2280 

22.154 

40 

25.048 

2400 

22.148 
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Piezometer  #3  Slug  Test 

|  j 

SE20  0 

n: _ _  j. _ nTO 

Environment  al  Logger 

riezomeier  r^o 

11/26  2  1:31 

to.**  - 

28.2 

28  - 

27.8 

g  27.6 
|  27.4 
27.2  ■ 

27 

26.8 

26.6 

Unit#  FTA  Test  5 

INPUT  1:  Lev  el  (F)  TOC 

Reference  26.66 

PSI  at  Ref. 

7.283 

SG 

1 

Linearity 

0 

Scale  factor 

16 

Offset 

4 

Delay  mSEC 

50 

0.1  1  10  100  1000  10000  100000 . 

Time  (s) 

StepO  11/25 

16:38:15 

Elapsed  Time 

INPUT  1 

Elapsed  Time 

INPUT  1 

(minutes) 

(TOC  -ft) 

(seconds) 

(from  ground  (ft) 

0 

31.496 

0 

28.696 

0.0083 

31.076 

0.498 

28.276 

0.016o 

30.758 

0.996 

27.958 

0.025 

30.521 

1.5 

27.721 

0.0333 

30.334 

1.998 

27.534 

0.0416 

30.198 

2.496 

27.398 

0.05 

30.102 

3 

27.302 

0.0583 

30.031 

3.498 

27.231 

0.0666 

29.98 

3.996 

27.18 

0.075 

29.945 

4.5 

27.145 

0.0833 

29.92 

4.998 

27.12 

0.0916" 

29.895 

5.496 

27.095 

0.1 

29.879 

6 

27.079 

0.1083 

29.859" 

6.498 

27.059 

0.1166 

29.849 

6.996 

27.049 

0.125 

29.834 

7.5 

27.034 

0.1333 

29.824 

7.998 

27.024 

0.1416 

29.814 

8.496 

27.014 

0.15 

29.809 

~9\ 

27.009 

0.1583 

29.799 

9.498 

26.999 

0.1666 

29.794 

9.996 

26.994 

0.175 

29.789 

10.5 

26.989 

0.1833 

29.784 

10.998 

26.984 

0.1916 

29.778 

11.496 

26.978 

0.2 

29.773 

12 

26.973 

0.2083 

29.768 

12.498 

26.968 

0.2166 

29.768 

12.996 

26.968 

0.225 

29.763 

13.5 

26.963 

1 
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0.2333 
0.2416 
0.25 
0.2583 
0.2666 ' 
0.275 
0.2833 " 
0.2916' 
0.3" 
0.3083 ' 
0.3166" 
0.325 
0.3333 " 
0.35" 
0.3666 " 
0.3833 " 
0.4" 
0.4166" 
0.4333 ' 
0.45" 
0.4666 ' 
0.4833 " 
0.5" 
0.5166" 
0.5333 " 
0.55" 
0.5666 " 
0.5833 " 
0.6* 
0.6166" 
0.6333  ' 
0.65  " 
0.6666  “ 
0.6833  " 
0.7  ~ 
0.7166" 
0.7333  “ 
0.75 
0.7666 
0.7833 
0.8 

0.8166 

0.8333 

0.85 

0.8666 

0.8833 

0.9 

0.9166 

0.9333 


29.758 

29.758" 

29.753 

29.753 

29.748" 

29.748 

29.743  S 

29.743; 

29.743 

29.738 

29.738 

29.738 

29.733 

29.733 

29.728 ' 

29.728 

29.723" 

29.723" 

29.718" 

29.718" 

29.718 

29.713" 

29.713" 

29.708 

29.708 " 

29.708 " 

29.708 

29.708 " 

29.708 " 

29.703  “ 

29.703  ’ 

29.698  " 

29.703  " 

29.698  “ 

29.698  " 

29.698  ' 

29.698  " 

29.698  “ 

29.693  ” 

29.693  “ 

29.693  " 

29.693  “ 

29.693 

29.693 

29.693 

29.693 

29.688 

29.688 

29.688 


13.998 

14.496 
15 

15.498 

15.996 

16.5 

16.998 

17.496 
18 

18.498 

18.996 

19.5 

19.998 
21 

21.996 

22.998 
24 

24.996 

25.998 
27 

27.996 

28.998 
30 

30.996 

31.998 
33 

33.996 

34.998 
36 

36.996 

37.998 
39 

39.996 

40.998 
42 

42.996 

43.998 
45 

45.996 

46.998 
48 

48.996 

49.998 
51 

51.996 

52.998 
54 

54.996 ' 

55.998 


26.958 

26.958 

26.953 

26.953 

26.948 

26.948 

26.943 

26.943 

26.943 

26.938 

26.938 

26.938 

26.933 

26.933 

26.928 

26.928 

26.923 

26.923 

26.918 

26.918 

26.918 

26.913 

26.913 

26.908 

26.908 

26.908 

26.908 

26.908 

26.908 

26.903 

26.903 

26.898 

26.903 

26.898 

26.898 

26.898 

26.898 

26.898 

26.893 

26.893 

26.893 

26.893 

26.893 

26.893 

26.893 

26.893 

26.888 

26.888 

26.888 
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0.95 

29.688 

57  26.888 

0.9666 

29.688 

57.996 

26.888 

0.9833 

29.688 

58.998 

26.888 

1 

29.688 

60 

26.888 

1.2 

29.677 

72 

26.877 

1.4 

29.677* 

84 1  26.877 

1.6 

29.672 

96 1  26.872 

1.8 

29.667 

108 

26.867 

2 

29.667 

120 

26.867 

2.2 

29.667 

132 

26.867 

1  2.4 

29.662 

144 

26.862 

2.6 

29.662 

156 

26.862 

2.8 

29.662 

168 

26.862 

3 

29.657 

180 

26.857 

3.2 

29.657 

192 

26.857 

3.4 

29.657 

204 

26.857 

3.6 

29.652 

216 

26.852 

3.8 

29.652 

228 

26.8521 

4 

29.652 

240 

26.852 

4.2 

29.652 

252 

26.852 

4.4 

29.647 

264 

26.847 

4.6 

29.647 

276 

26.847 

4.8 

29.647 

288 

26.847 

5 

29.647 

300 

26.847 

5.2 

29.647 

312 

26.847 

5.4 

29.647 

324 

26.847 

5.6” 

29.642 

336 

26.842 

5.8 

29.642 

348 

26.842 

6 

29.642 

360 

26.842 

I 

6.2 

29.642 

372 

26.842 

6.4 

29.642 

384 

26.842 

6.6 

29.642 

396 

26.842 

6.8 

29.642 

408 

26.842 

7 

29.642 

420 

26.842 

7.2 

29.642 

432 

26.842 

7.4 

29.637 

444 

26.837 

7.6 

29.642 

456 

26.842 

7.8 

29.637 

468 

26.837 

8 

29.642 

480 

26.842 

8.2 

29.642 

492 

26.842 

8.4 

29.642 

504 

26.842 

8.6 

29.642 

516 

26.842 

8.8 

29.637 

528 

26.837 

9 

29.637 

540 

26.837 

9.2 

29.637 

552 

26.837 

9.4 

29.637 

564 

26.837 

9.6 

29.637 

576 

26.837 

9.8 

29.637 

588 

26.837 

10 

29.637 

600  26.837 
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12 
14 
16 
18 
20 
22 
24 
26 
28 
30 ' 
32 
34' 
36 
38 
40 
42 
44 
46' 
48 
50 ' 
52' 
54" 
56' 
58" 
60' 
62 
64' 
66 
68" 
70  " 
12 
74' 
76' 
78" 
80' 
82' 
84" 
86" 
88" 
90" 
92" 
94" 
96" 
98" 
100" 
120" 
140“ 
160  ‘ 
180" 


29.632 

29.632 

29.627 

29.627 

29.622 

29.622 

29.617 

29.612 

29.612 

29.612 

29.607 

29.607 

29.602 

29.597 

29.597 

29.597 

29.597 

29.597 

29.592 

29.592 

29.587 

29.587 

29.587 

29.587 

29.581 

29.581 

29.581 

29.581 

29.581 

29.581 

29.581 

29.576 

29.576 

29.576 

29.576 

29.571 

29.571 

29.571 

29.571 

29.571 

29.566 

29.566 

29.566 

29.566 

29.566 

29.556 

29.546 

29.546 

29.541 


720 

840 

960 

1080 

1200 

1320 

1440 

1560 

1680" 

1800 

1920 

2040 

2160 

2280 

2400 

2520 

2640 

2760 

2880 

3000 

3120 

3240 

3360 

3480 

3600 

3720 

3840 

3960 

4080 

4200 

4320 

4440 

4560 

4680 

4800 

4920 

5040 

5160 

5280 

5400 

5520 

5640 

5760 

5880 

6000 

7200 

8400 

9600 

10800 


26.832  i 
26.832 
26.827' 
267827 
26.8221 
26.822' 
26.817 
26.812 
26.812 
26.812 
26.807 
26.807 
26.802 
26.797' 
26.797 ' 
26.797 ' 
26.797 ' 
26.797 ' 
26.792 ' 
26.792 
26.787 ' 
26.787 ' 
26.787 ' 
26.787 
26.781 
26.781  " 
26.781" 
26.781 
26.781  ' 
26.781 
26.781  " 
26.776 " 
26.776 " 
26.776 " 
26.776 " 
26.771  " 
26.771  " 
26.771  " 
26.771  " 
26.771  ' 
26.766 " 
26.766  “ 
26.766 " 
26.766  “ 
26.766  “ 
26.756  “ 
26.746  " 
26.746  " 
26.741  " 
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29.536 

29.536 " 

29.531  " 

29.531  ' 

29.531" 

29.531  " 

29.531  " 

29.531  ' 

29.531  " 

29.531  ' 

29.531  ' 

29.531 ' 

29.536 

29.536 

29.541 

29.541 

29.541 

29.546 " 

29.551 

29.551 

29.556 ' 

29.556 

29.556 ' 

29.556" 

29.561 " 

29.561 

29.561 

29.561 

29.561 

29.561 

29.566 

29.566 

29.566 

29.566 

29.566 

29.566 


12000 
13200 ~ 
14400 " 
15600 " 
16800" 
18000" 
19200" 
20400 " 
21600" 
22800 " 
24000 " 
25200 
26400 " 
27600 ' 
28800 
30000 " 
31200" 
32400 " 
33600 " 
34800 
36000 
37200 
38400 " 
39600 
40800 " 
42000 
43200 " 
44400 
45600 " 
46800 
48000 
49200 " 
50400 
51600 
52800 
54000 


26.736! 

26.736 

26.731 1 

26.731 1 

26.731 1 

26.731 
“26.731 

26.731  " 

26.731 

26.731  " 

26.731 

26.731 

26.736 

26.736 

26.741 

26.741 

26.741 
26.746 
26.751 
26.751 

26.756 

26.756 

26.756 

26.756 

26.761  " 

26.761 

26.761 

26.761 

26.761 

26.761 

26.766 

26.766 

26.766 

26.766 

26.766 

26.766 


AII_Slug_data.xls 


Appendix  G,  Attachment  1,  Page  17 


Piezometer  #4  Slug  Test 

! 

! 

SE2  0 

i 

Environmen  tal  Logger 

Piezometer  PZ4 

47  O  _ 

27-Nov  11:19 

47.8  - 

47.7  • 

g  47.6 

5 

O  47.5 

47.4 

47.3 

47.2 

\ 

- 

Unit#  FTA  Test  10  ! 

| 

INPUT  1:  Le  vel(F)TOC 

Reference  49.143 

PSIatRef.  6.212 

SG  1 

Linearity 

0 

:  ^ - . 

Scale  factor 

16 

Offset 

4 

Delay  mSEC 

50 

0.1  1  10  100  1000  10000  “ 

Time  (s) 

StepO  11/2 

(7  08:24:19 

Elapsed  Time 

INPUT  1 

Elapsed  Time 

INPUT  1 

(minutes) 

(TOC  -ft) 

(seconds) 

(from  ground  (ft) 

0 

50.259 

0 

47.959 

0.0083 

50.173 

0.498 

47.873 

0.0166 

50.102 

0.996 

47.802 

0.025 

50.041 

1.5 

47.741 

0.0333 

49.986 

1.998 

47.686 

0.0416 

49.94 

2.496 

47.64 

0.05 

49.9 

3 

47.6 

0.0583 

49.875 

3.498 

47.575 

0.0666 

49.85 

3.996 

47.55 

0.075 

49.829 

_ ^ 

47.529 

0.0833 

49.814 

4.998 

47.514 

0.0916 

49.804 

5.496 

47.504 

0.1 

49.794 

6 

47.494 

0.1083 

49.784 

6.498 

47.484 

0.1166 

49.779 

6.996 

47.479 

0.125 

49.774 

7.5 

47.474 

0.1333 

49.769 

7.998 

47.469 

0.1416 

49.764 

8.496 

47.464 

0.15 

49.759 

9 

47.459 

0.1583 

49.754 

9.498 

47.454 

0.1666 

49.754 

9.996 

47.454 

0.175 

49.749 

10.5 

47.449 

0.1833 

49.744 

10.998 

47.444 

0.1916 

49.744 

11.496 

47.444 

0.2 

49.738 

12 

47.438 

0.2083 

49.738 

12.498 

47.438 

0.2166 

49.733 

12.996 

47.433 

0.225 

49.733 

13.5 

47.433 
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0.2333|  49.728  13.998 

47.428 

0.2416!  49.728  14.496 

47.428 

0.251  49.723  15 

47.423 

0.2583|  49.723  15.498 

47.423 

0.2666;  49.723  15.996 

47.423 

0.275 

49.718  16.5 

47.418 

0.2833 

49.718  16.998 

47.418 

0.2916 

49.718;  17.496 

47.418 

0.3 

49.713  18 

47.413 

0.3083 

49.713 

18.498 

47.413 

|  0.3166 

49.713 

18.996 

47.413 

0.325 

49.708 

19.5 

47.408 

0.3333 

49.708 

19.998 

47.408 

0.35 

49.708 

21 

47.408 

0.3666 

49.703 

21.996 

47.403 

0.3833 

49.703 

22.998" 

47.403 

0.4 

49.698 

24 

47.398 

0.4166 

49.698 

24.996 

47.398 

0.4333 

49.698 

25.998 

47.398 

0.45 

49.693 

27 

47.393 

0.4666 

49.693 

27.996 

47.393 

0.4833 

49.693 

28.998 

47.393 

0.5 

49.693 

30 

47.393 

0.5166 

49.688 

30.996 

47.388 

0.5333 

49.688 

31.998 

47.388 

0.55 

49.688 

33 

47.388 

0.5666 

49.688 

33.996 

47.388 

0.5833 

49.683 

34.998 

47.38^ 

0.6 

49.688 

36 

47.388 

0.6166 

49.683 

36.996 

47.383 

0.6333 

49.683 

37.998 

47.383" 

0.65 

49.683 

39 

47.383 

0.6666 

49.683 

39.996 

47.383 

0.6833 

49.678 

40.998 

47.378 

0.7 

49.678 

42 

47.378 

0.7166 

49.678 

42.996 

47.378 

0.7333 

49.678 

43.998 

47.378 

0.75 

49.678 

45 

47.378 

0.7666 

49.678 

45.996 

47.378 

0.7833 

49.673 

46.998 

47.373 

0.8 

49.673 

48 

47.373 

0.8166 

49.673 

48.996 

47.373 

0.8333 

49.673 

49.998 

47.373 

0.85 

49.673 

51 

47.373 

0.8666 

49.673 

51.996 

47.373 

0.8833 

49.673 

52.998 

47.373 

0.9 

49.673 

54 

47.373 

0.9166 

49.673 

54.996 

47.373 

0.9333 

49.668 

55.998 

47.368 
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49.673 


49.673 


49.668 


49.668 


49.663 


49.663 


49.658 


49.658 


49.653 


49.653 


49.653 


49.653 


49.648 


49.648 


49.648 


49.648 


49.648 


49.648 


49.648 


49.648 


49.643 


49.648 


49.643 


49.643 


49.643 


49.643 


49.643 


49.643 


49.643 


49.643 


49.643 


49.643 


49.643 


49.643 


49.643 


49.637 


49.643 


49.637 


49.637 


49.637 


49.637 


49.637 


49.637 


49.637 


49.637 


49.637 


49.637 


49.637 


49.637 


57 

57.996" 

58.998 

"  '  60 
72 
84 
96 
108 
120 
132 
144 
156 
168 
180 
192 
204 
216" 
228 
240" 
252 
264" 
276" 
288" 
300 " 
312" 
324" 
336" 
348" 
360  “ 
372" 
384" 
396“ 
408 " 
420“ 
432" 
444“ 
456“ 
468“ 
480" 
492“ 
504“ 
516“ 
528“ 
540” 
552“ 
564” 
576  ~ 
588“ 
600  “ 


47.373 

47.373 

47.368 

47.368 

47.363 

47.363 

47.358 

47.358 

47.353 

47.353 

47.353 

47.353 

47.348 

47.348 

47.348 

47.348 

47.348 

47.348 

47.348 

47.348 

47.343 

47.348 

47.343 

47.343 

47.343 

47.343 

47.343 

47.343 

47.343 

47.343 

47.343 

47.343 

47.343 

47.343 

47.343 

47.337 

47.343 

47.337 

47.337 

47.337 

47.337 

47.337 

47.337 

47.337 

47.337 

47.337 

47.337 

47.337 

47.337 
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49.643 

49.637 

49.637 

49.632 

49.632 

49.632 

49.632 

49.627 

49.627 

49.627 

49.622 

49.622 

49.622 

49.622 

49.617 

49.622 

49.617 

49.617 

49.612 

49.612 

49.612 

49.612 

49.607 

49.612 

49.607 

49.607 ' 

49.602 

49.602 

49.602 ' 

49.602 

49.597 

49.597 ' 

49.597 

49.597 ' 

49.597 ' 

49.592 

49.592 

49.592 ' 

49.592 

49.587 

49.587 ' 

49.587 

49.587 

49.582 

49.582 

49.572 

49.562 

49.552 


720 
840 
960  ~ 
1080 
1200  ~ 
1320" 
1440" 
1560" 
1680" 
1800" 
1920" 
2040  ” 
2160" 
2280" 
2400  ” 
2520" 
2640" 
2760" 
2880" 
3000“ 
3120  ” 
3240  ” 
3360 
3480 
3600 
3720 
3840 
3960 
4080 
4200 
4320 
4440 
4560 
4680 
4800 
4920 
5040 
5160 
5280 
5400 
5520 
5640 
5760  ” 
5880 
6000 
7200  ” 
8400 
9600 


47.343! 
47  337T 
47.337! 
"47.332! 
47.332  i 
”47.332  " 
47.332  " 

47.327  ” 

47.327  ” 

47.327  ” 

47.322  ” 

47.322  " 

47.322  ” 

47.322  ” 
47.317" 

47.322  " 
47.317" 
47.317" 
47.312" 
47.312" 
47.312" 
47.312” 

47.307  " 
47.312" 

47.307 

47.307 

47.302 

47.302 

47.302  ” 

47.302 

47.297 

47.297 

47.297 

47.297 

47.297 

47.292 

47.292 

47.292 

47.292 

47.287 

47.287 

47.287 

47.287 
47.282 
47.282 
47.272 
47.262 
47.252 
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(Piezometer  #5  Slug  Test 

SE20 

0 

Environment 

al Logger 

11/26  2 

1:33 

;  1 

_ ! _ l 

Unit#  FTA 

Test  6 

INPUT  1:  Lev  lei  (F)  TOC 


Reference 
PSI  at  Ref. 

SG _ _ 

Linearity 
Scale  factor 

Offset _ 

Delay  mSEC 


20.16 

8.962 

1 

0 

16 

4 

50 


Piezometer  PZ5 


10000  I 


StepO  11/26  I  8:33:19 


Time  (s) 


Elapsed  Time 
(minutes) 

0 

0.0083 

0.0166 

0.025 

0.0333 

0.0416 

0.05 

0.0583 

0.0666 

0.075 

0.0833 

0.0916 

0.1 

0.1083 

0.1166 

0.125 

0.1333 

0.1416 

0.15 

0.1583 

0.1666 

0.175 

0.1833 

0.1916 

0.2 

0.2083 

0.2166 

0.225 


INPUT  1 
(TOC  -ft) 

25.473 
25.266 
25.094 
24.942 
24.836 
24.755 
24.695 
24.654 
24.624 
24.594 
24.579 
24.564 
24.548 
24.538 
24.528 
24.523 
24.513 
24.508 
24.508 
24.498 
24.498 
24.493 
24.483 
24.483 
24.478 
24.478 

24.473 
24.473 


Elapsed  Time 
(seconds) 

0 

0.498 

0.996 

1.5 

1.998 

2.496 
3 

3.498 

3.996 

4.5 

4.998 

5.496 
6 

6.498 

6.996 

7.5 

7.998 

8.496 
9 

9.498 

9.996 

10.5 
10.998 
11.496 

12 

12.498 

12.996 

13.5 


INPUT  1 

(from  ground  (ft) 

22.543 
22.336 
22.164 
22.012 
21.906 
21.825 
21.765 
21.724 
21.694 
21.664 
21.649' 
21.634 
21.618 
21.608 

“  21.598 

21.593 
21.583 
21.578 
21.578 
21.568 
21.568 
21.563 
21.553 
21.553 
21.548 
21.548 

21.543 

21.543 
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0.2333 
0.2416 
0.25 
0.2583 
0.2666 
0.275 
0.2833 
0.2916 
0.3 
0.3083 ; 
0.3166 
0.325; 
0.3333  j 
0.35 
0.3666 
0.3833 
0.4 
0.4166 
0.4333 
0.45 
0.4666 
0.4833 
0.5 
0.5166 
0.5333 
0.55 
0.5666 
0.5833 
0.6 

0.6166 

0.6333 

0.65 

0.6666 

0.6833 

0.7 

0.7166 

0.7333 

0.75 

0.7666 

0.7833 

0.8 


24.468; 

24.468' 

24.463 

24.458' 

24.458 

24.458 

24.452 

24.452 

24.452 

24.447 

24.447 

24.447 

24.442 

24.437 

24.437 

24.437 

24.432 

24.427 

24.427 

24.427 

24.427 

24.422 

24.422 

24.422 

24.417 

24.417 

24.417 

24.412 

24.412 

24.412 

24.407 

24.407 

24.407 

24.402 

24.402 

24.402 

24.402 

24.402 

24.397 

24.397 

24.397 


13.998 

14.496 
15 

15.498 

15.996 

16.5 

16.998 

17.496 
18 

18.498 

18.996 

19.5 

19.998 
21 

21.996 

22.998 
24 

24.996 

25.998 
27 

27.996 

28.998 
30 

30.996 

31.998 
33 

33.996 

34.998 
36 

36.996 

37.998 
39 

39.996 

40.998 
42 

42.996 

43.998 
45 

45.996 

46.998 
48 


21.538 

21.538 

21.533 

21.528 

21.528 

21.528 

21.522 

21.522 

21.522 

21.517 

21.517 

21.517 

21.512 

21.507 

21.507 

21.507 

21.502 

21.497 

21.497 

21.497 

21.497 

21.492 

21.492 

21.492 

21.487 

21.487 

21.487 

21.482 

21.482 

21.482 

21.477 

21.477 

21.477 

21.472 

21.472 

21.472 

21.472 

21.472 

21.467 

21.467 

21.467 


0.8166 

0.8333 

0.85 

0.8666 

0.8833 

0.9 

0.9166 

0.9333 


24.397 

24.392 

24.392 

24.392 

24.392 

24.392 

24.387 

24.392 


48.996 

49.998 
51 

51.996 

52.998 
54 

54.996 

55.998 


21.467 

21.462 

21.462 

21.462 

21.462 

21.462 

21.457 

21.462 
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0.95 

|  24.387  57 

21.457 

0.9666 

24.387  57.996 

21.457 

0.9833 

24.387  58.998 

1  21.457 

i 

1 

1 

24.387  60 

21.457 

! 

1.2 

24.377  72 

21.447 

1.4 

24.372;  84 

21.442 

1.6 

24.362  96 

21.432 

1.8 

24.357:  108 

21.427 

, 

2 

24.351 

i  120 

21.421 

! 

2.2 

24.351 

132 

21.421 

i 

2.4 

24.346 

144 

21.416 

i 

! 

2.6 

24.341 

156 

21.411 

2.8 

24.336 

168 

21.406 

3 

24.336 

180 

21.406 

3.2 

24.331 

192 

21.401 

3.4 

24.331 

204 

21.401 

| 

3.6 

24.326 

216 

21.396 

3.8 

24.326 

228 

21.396 

4 

24.321 

240 

21.391 

— 

4.2 

24.321 

252 

21.391 

4.4 

24.316 

264 

21.386 

4.6 

24.316 

276 

21.386 

4.8 

24.311 

288 

21.381 

5 

24.311 

300 

21.381 

5.2 

24.311 

312 

21.381 

5.4 

24.306 

324 

21.376 

5.6 

24.306 

336 

21.376 

5.8 

24.301 

348 

21.371 

6 

24.301 

360 

21.371 

6.2 

24.301 

372 

21.371 

6.4 

24.296 

384 

21.366 

6.6 

24.296 

396 

21.366 

6.8 

24.296 

408 

21.366 

7 

24.291 

420 

21.361 

7.2 

24.291 

432 

21.361 

7.4 

24.291 

444 

21.361 

7.6 

24.286 

456 

21.356 

7.8 

24.286 

468 

21.356 

8 

24.286 

480 

21.356 

8.2 

24.281 

492 

21.351 

8.4 

24.281 

504 

21.351 

8.6 

24.281 

516 

21.351 

8.8 

24.281 

528 

21.351 

9 

24.276 

540 

21.346 

9.2 

24.276 

552 

21.346 

9.4 

24.276 

564 

21.346 

9.6 

24.276 

576 

21.346 

9.8 

24.271 

588 

21.341 

10 

24.271 

600 

21.341 
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12 

24.261 

720 

21.331 

14! 

24.25 

840 

21.32! 

16 

24.24" 

960 

21.31 

18 

24.23 

1080 

21.3 

20 

24.225 

1200 

21.295 

22 

24.215 

1320 

21.285 

24 

24.21 

1440 

21.28 

26 

24.205 

1560 

21.275 

28 

24.195 

1680 

21.265 

30 

24.195 

1800"' 

21.265 

321 

24.19 

1920 

21.26 

34 

24.18 

2040 

21.25 

36 

24.175 

2160 

21.245 

38 

24.175 

2280 

21.245 

40 

24.165 

2400 

21.235 
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Piezometer  #6  Slug  Test 

|  | 

i  i  i 

SE20 

0 

Environment 

al Logger 

on  A 

Piezometer  PZ6 

11/26  2 

1:42 

20.2  -- 

V 

Unit#  FTA 

Test  9 

20  -- 

INPUT  1:  Lev 

el  (F)  TOC 

19.8  - 

\ 

E* 

g  19.6  -- 
e> 

V 

Reference 

21.61 

\ 

PSI  at  Ref. 

7.425 

19.4  - 

SG 

1 

19.2 

Linearity 

0 

.  - ^ 

Scale  factor 

16 

19  - 

- , 

Offset 

4 

188  - 

Delay  mSEC 

50 

0.1 

1 

10 

-inn 

1000 

-fnr 

Time  (s) 

1  uuuu 

StepO  11/26 

14:25:14 

Elapsed  Time 

INPUT  1 

Elapsed  Time 

INPUT  1 

(minutes) 

(TOC  -ft) 

(seconds) 

(from  ground  (ft) 

0 

23.19 

0 

20.38 

0.0083 

23.034 

0.498 

20.224 

0.0166 

22.872 

0.996 

20.062 

0.025 

22.731 

1.5 

19.921 

0.0333 

22.599 

1.998 

19.789 

0.0416 

22.468 

2.496 

19.658 

0.05 

22.392 

3 

19.582 

0.0583 

22.312 

3.498 

19.502 

0.0666 

22.251 

3.996 

19.441 

0.075 

22.205 

4.5 

19.395 

0.0833 

22.175 

4.998 

19.365 

0.0916 

22.155 

5.496 

19.345 

0.1 

22.135 

6 

19.325 

0.1083 

22.12 

6.498 

19.31 

0.1166 

22.104 

6.996 

19.294 

0.125 

22.094 

7.5 

19.284 

0.1333 

22.084 

7.998 

19.274 

0.1416 

22.079 

8.496 

19.269 

0.15 

22.069 

9 

19.259 

0.1583 

22.059 

9.498 

19.249 

0.1666 

22.059 

9.996 

19.249 

0.175 

22.049 

10.5 

19.239 

0.1833 

22.044 

10.998 

19.234 

0.1916 

22.039 

11.496 

19.229 

0.2 

22.029 

12 

19.219 

0.2083 

22.019 

12.498 

19.209 

0.2166 

22.014 

12.996 

19.204 

0.225 

22.024 

13.5 

19.214 
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0.2333 
0.2416 
0.25 
0.2583 
0.2666 
0.275 
0.2833 ; 
0.2916 
0.3 
0.3083' 
0.3166  j 
0.325 
0.3333 
0.35 
0.3666 
0.3833 
0.4 
0.4166 
0.4333 
0.45 
0.4666 
0.4833 
0.5 
0.5166 
0.5333 ' 
0.55 
0.5666 ' 
0.5833 
0.6 

0.6166 

0.6333 

0.65 

0.6666 

0.6833 

0.7 

0.7166 

0.7333 

0.75 

0.7666 

0.7833 

0.8 

0.8166 

0.8333 

0.85 

0.8666 

0.8833 

0.9 

0.9166 

0.9333 


22.019 

22.014 

22.019 

22.019 

21.998 

22.008 

22.003 

21.998 

22.003 

21.998 

21.998 

21.998 

22.003 

21.988 

21.988 

21.988 

21.983 

21.983 

21.978 

21.978 

21.973 

21.973 

21.968 

21.968 

21.968 

21.963 

21.963 

21.963 

21.958 

21.963 

21.958 

21.958 

21.953 

21.953 

21.953 

21.953 

21.953 

21.953 

21.948 

21.948 

21.953 

21.943 

21.943 

21.943 

21.943 

21.943 

21.948 

21.938 

21.938 


13.998 

14.496 
15 

15.498 

15.996 

16.5 

16.998 

17.496 
18 

18.498 

18.996 

19.5 

19.998 
21 

21.996 

22.998 
24 

24.996 

25.998 
27 

27.996 

28.998 
30 

30.996 

31.998 
33 

33.996 

34.998 
36 

36.996 

37.998 
39 

39.996 

40.998 
42 

42.996 

43.998 
45 

45.996 

46.998 
48 

48.996 

49.998 
51 

51.996 

52.998 
54 

54.996 

55.998 


1 9.209  j 
19.204 

19.209 

19.209 

19.188 
19.198 

19.193 

19.188 

19.193 

19.188 

19.188 

19.188 

19.193 

19.178 

19.178 

19.178 
19.173 
19.173 
19.168 
19.168 
19.163 
19.163 

19.158 

19.158 

19.158 

19.153 

19.153 

19.153 

19.148 

19.153 

19.148 

19.148 

19.143 

19.143 

19.143 

19.143 

19.143 

19.143 

19.138 

19.138 

19.143 

19.133 

19.133 

19.133 

19.133 

19.133 

19.138 
19.128 
19.128 
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0.95  21.938  57 

19.128 

[  ; 

0.9666 

|  21.938  57.996 

19.128 

j 

0.9833 

!  21.938  58.998 

19.128 

1 

!  21.938  60 

19.128 

1  i 

1.2 

i  21.928  72 

19.118 

[  i 

1.4 

|  21.923  84 

19.113 

j 

1.6 

i  21.913  96 

19.103 

!  ! 

1.8 

j  21.913 

i  108 

19.103 

! 

2 

21.907 

120 

19.097 

2.2 

21.902 

i  132 

19.092 

2.4 

21.897 

144 

19.087 

2.6 

21.892 

156 

19.082 

2.8 

21.892 

00 

CD 

19.082 

3 

21.887 

180 

19.077 

3.2 

21.887 

192 

19.077 

3.4 

21.887 

204 

19.077 

3.6 

21.887 

\  216 

19.077 

3.8 

21.882 

228 

19.072 

4 

21.877 

240 

19.067 

4.2 

21.877 

252 

19.067 

4.4 

21.877 

264 

19.067 

4.6 

21.877 

276 

19.067 

4.8 

21.872 

288 

19.062 

5 

21.872 

300 

19.062 

5.2 

21.872 

312 

19.062 

5.4 

21.872 

324 

19.062 

5.6 

21.867 

336 

19.057 

5.8 

21.867 

348 

19.057 

6 

21.867 

360 

19.057 

6.2 

21.862 

372 

19.052 

6.4 

21.862 

384 

19.052 

6.6 

21.862 

396 

19.052 

6.8 

21.862 

408 

19.052 

7 

21.857 

420 

19.047 

7.2 

21.857 

432 

19.047 

7.4 

21.857 

444 

19.047 

7.6 

21.857 

456 

19.047 

7.8 

21.857 

468 

19.047 

8 

21.852 

480 

19.042 

8.2 

21.852 

492 

19.042 

8.4 

21.852 

504 

19.042 

8.6 

21.852 

516 

19.042 

8.8 

21.852 

528 

19.042 

9 

21.852 

540 

19.042 

9.2 

21.852 

552 

19.042 

9.4 

21.852 

564 

19.042 

9.6 

21.852 

576 

19.042 

9.8 

21.847 

588 

19.037 

10 

21.847 

600 

19.037 
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12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

50 

52 

54 

56 

58 

60 

62 

64 

66 

68 

70 

72 

74 

76 

78 

80 

82 

84 

86 

88 

90 

92 

94 

96 

98 

100 


21.842 

21.837 

21.832 

21.827 

21.822 

21.817 

21.812 

21.806 

21.806 

21.801 

21.796 

21.796 

21.791 

21.791 

21.786 

21.781 

21.781 

21.776 

21.771 

21.771 

21.766 

21.766 

21.766 

21.761 

21.761 

21.761 

21.756 

21.756 

21.751 

21.751 

21.746 

21.751 

21.746 

21.746 

21.746 

21.741 

21.741 

21.741 

21.736 

21.736 

21.736 

21.736 

21.731 

21.731 

21.731 


720 ; 
~  840t 
960 
1080 
1200 
"1320! 
14401 
1560| 

168o| 

1800 

1920 

2040 

2160 

2280 

2400 

2520 

2640 

2760 

2880 

3000 

3120 

3240 

3360 

3480 

3600 

3720 

3840 

3960 

4080 

4200 

4320 

4440 

4560 

4680 

4800 

4920 

5040 

5160 

5280 

5400 

5520 

5640 

5760 

5880 

6000 


19.032 

19.027' 

19.022' 

19.017 

19.012 

19.007' 

19.002 

18.996 

18.996 

18.991 

18.986 

18.986' 

18.981 

18.981 

18.976 

18.971 

18.971 

18.966 

18.961 

18.961  ' 

18.956 

18.956 

18.956 

18.951 

18.951 

18.951 

18.946 

18.946 

18.941 

18.941 

18.936 

18.941 

18.936 

18.936 

18.936 

18.931 

18.931 

18.931 

18.926 

18.926 

18.926 

18.926 

18.921 

18.921 

18.921 
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Monitoring  We 

#3  Slug  Test 

! 

SE20 

0 

_ 

— __ 

Environment 

al Logger 

Monitoring  Well  #3 

11/26  2 

1:39 

18.8 

18.6 

Unit#  FTA 

Test  7 

18.4 

.  . 

\ 

INPUT  1:  Lev 

el  (F)  TOC 

g  182 

:  • 

Reference 

20.1 

O  18 

PSI  at  Ref. 

8.815 

SG 

1 

17.8 

...  \ 

Linearity 

0 

X. 

Scale  factor 

16 

17.6 

1 

Offset 

4 

17  A  . 

Delay  mSEC 

50 

n  i 

i 

10 

100 

1000  10000 

StepO  11/26 

10:18:33 

i  ime  (s) 

Elapsed  Time 

INPUT  1 

Elapsed  Time 

INPUT  1 

(minutes) 

(TOC  -ft) 

(seconds) 

(from  ground  (ft) 

0 

21.615 

0 

18.885 

0.0083 

21.463 

0.498 

18.733 

0.0166 

21.327 

0.996 

18.597 

0.025 

21.226 

1.5 

18.496 

0.0333 

21.15 

1.998 

18.42 

0.0416 

21.094 

2.496 

18.364 

0.05 

21.049 

3 

18.319 

0.0583 

21.019 

3.498 

18.289 

0.0666 

20.993 

3.996 

18.263 

0.075 

20.973 

4.5 

18.243 

0.0833 

20.958 

4.998 

18.228 

0.0916 

20.943 

5.496 

18.213 

0.1 

20.928 

6 

18.198 

0.1083 

20.918 

6.498 

18.188 

0.1166 

20.913 

6.996 

18.183 

0.125 

20.903 

7.5 

18.173 

0.1333 

20.892 

7.998 

18.162 

0.1416 

20.887 

8.496 

18.157 

0.15 

20.887 

9 

18.157 

0.1583 

20.877 

9.498 

18.147 

0.1666 

20.867 

9.996 

18.137 

0.175 

20.862 

10.5 

18.132 

0.1833 

20.857 

10.998 

18.127 

0.1916 

20.852 

11.496 

18.122 

0.2 

20.852 

12 

18.122 

0.2083 

20.847 

12.498 

18.117 

0.2166 

20.842 

12.996 

18.112 

0.225 

20.837 

13.5 

18.107 
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0.2333| 
0.24161 
0.25 
0.2583 
0.2666 
0.275 
0.2833 
0.2916 
0.3 
0.3083 
0.3166 
0.325 
0.3333 
0.35 
0.3666 
0.3833 
0.4 
0.4166 
0.4333 
0.45 
0.4666 
0.4833 
0.5 
0.5166 
0.5333 
0.55 
0.5666 ' 
0.5833 
0.6 

0.6166 

0.6333 

0.65 

0.6666 

0.6833 

0.7 

0.7166 

0.7333 

0.75 

0.7666 

0.7833 

0.8 

0.8166 ' 
0.8333 
0.85 
0.8666 
0.8833 
0.9 
0.9166 
0.9333 


20.837 
20.832 ' 
20.827 
20.827 ' 
20.822 
20.822 ' 
20.817 
20.817' 
20.812 
20.807 
20.807 
20.807 ' 
20.802 
20.796 
20.796 
20.791 
20.786 
20.781 
20.781 
20.776 
20.771 
20.766 
20.766 ' 
20.761 
20.761 
20.756 
20.756 
20.751 
20.746 
20.746 
20.746 ' 
20.741 
20.741 
20.736 
20.736 
20.731 
20.731 
20.726 
20.726 
20.721 
20.721 

20.716 

20.716 

20.716 

20.711 

20.711 

20.711 
20.706 
20.706 


13.998 

14.496 
15 

15.498 

15.996 

16.5 

16.998 

17.496 
18 

18.498 

18.996 

19.5 

19.998 
21 

21.996 

22.998 
24 

24.996 

25.998 
27 

27.996 

28.998 
30 

30.996 

31.998 
33 

33.996 

34.998 
36 

36.996 

37.998 
39 

39.996 

40.998 
42 

42.996 

43.998 
45 

45.996 

46.998 
48 

48.996 

49.998 
51 

51.996 

52.998 
54 

54.996 

55.998 


18.107 
18.10? 
18.097! 
1 8.097 r 
18.092; 
18.092^ 
18.087! 
18.087! 
18.082 
18.077 
18.077 
18.077 
18.072 
18.066 
18.066 
18.061 
18.056 
18.051 
18.051 
18.046 
18.041 
18.036 
18.036 
18.031 
18.031 
18.026 
18.026 
18.021 
18.016 
18.016 
18.016 
18.011 
18.011 
18.006 
18.006 
18.001 
18.001 

17.996 

17.996 
17.991 
17.991 

17.986 

17.986 

17.986 

17.981 

17.981 

17.981 
17.976 
17.976 
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0.95  20.706 

57 

17.976 

0.9666:  20.701 

57.996 

17.971 

j  : 

0.9833  20.701 

58.998 

17.971 

j  | 

1  20.701 

60 

17.971 

:  i 

1.2 

20.68 

72 

17.95 

1  i 

1.4 

20.66 

84 

17.93 

j  I 

1.6 

20.645 

96 

17.915 

| 

1  ' 

1.8 

20.625 

108 

17.895 

| 

2 

20.615 

120 

17.885 

i 

2.2 

20.6 

132 

17.87 

2.4 

20.589 

144 

17.859 

2.6 

20.574 

156 

17.844 

2.8 

20.569 

168 

17.839 

3 

20.559 

180 

17.829 

3.2 

20.549 

192 

17.819 

3.4 

20.544 

204 

17.814 

3.6 

20.534 

216 

17.804 

3.8 

20.529 

228 

17.799 

4 

20.524 

240 

17.794 

4.2 

20.519 

252 

17.789 

4.4 

20.509 

264 

17.779 

4.6 

20.504 

276 

17.774 

4.8 

20.498 

288 

17.768 

5 

20.493 

300 

17.763 

5.2 

20.488 

312 

17.758 

5.4 

20.483 

324 

17.753 

5.6 

20.478 

336 

17.748 

5.8 

20.473 

348 

17.743 

6 

- 1 

20.468 

360 

17.738 

6.2 

20.468 

372 

17.738 

6.4 

20.463 

384 

17.733 

6.6 

20.458 

396 

17.728 

6.8 

20.453 

408 

17.723 

7 

20.453 

420 

17.723 

7.2 

20.448 

432 

17.718 

7.4 

20.443 

444 

17.713 

7.6 

20.438 

456 

17.708 

7.8 

20.438 

468 

17.708 

8 

20.433 

480 

17.703 

8.2 

20.428 

492 

17.698 

8.4 

20.428 

504 

17.698 

8.6 

20.423 

516 

17.693 

8.8 

20.423 

528 

17.693 

9 

20.418 

540 

17.688 

9.2 

20.418 

552 

17.688 

9.4 

20.413 

564 

17.683 

9.6 

20.413 

576 

17.683 

9.8 

20.408 

588 

17.678 

10 

20.408 

600 

17.678 
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12 

20.387  '  720 

17.657 

i 

14 

20.367  840 

17.637 

j 

16 

20.352  960 

17.622 

18 

20.342  1080 

17.612 

; 

20 

20.327  1200 

17.597 

22 

20.322  1320 

17.592 

— 

24 

20.317'  1440 

17.587 

1 

26 

20.312!  1560 

17.582 

! 

20.307;  1680 

17.577 

20.296 

1800 

17.566 

20.296 

1920 

17.566 

34 

20.291 

2040 

17.561 

36 

20.291 

2160 

17.561 

38 

20.286 

2280 

17.556 

40 

20.286 

2400 

17.556 
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Monitoring  We 

#4  Slug  Test 

!  1 

:  i 

SE20 

0 

7 

Environment 

al Logger 

18.1 

Monitoring  Well  #4 

r 

i  1/26  2 

1:40 

i 

j— 

18 

Unit#  FTA 

Test  8 

17.9 

g  178 

5 

O  17.7 

17.6 

17.5  - 

17.4 

INPUT  1:  Lev 

el  (F)  TOC 

Reference 

20.1 

PSI  at  Ref. 

7.425 

SG 

1 

Linearity 

0 

Scale  factor 

16 

Offset 

4 

Delay  mSEC 

50 

u.  i  I  IU  IUU  1 UUU  1 UUUU  F- 

Time  (s) 

StepO  11/26 

12:07:13 

Elapsed  Time 

INPUT  1 

Elapsed  Time 

INPUT  1 

(minutes) 

(TOC  -ft) 

(seconds) 

(from  ground  (ft) 

1  0 

20.736 

0 

18.136 

0.0083 

20.609 

0.498 

18.009 

0.0166 

20.524 

0.996 

17.924 

0.025 

20.468 

1.5 

17.868 

0.0333 

20.433 

1.998 

17.833 

0.0416 

20.402 

2.496 

17.802 

0.05 

20.382 

3 

17.782 

0.0583 

20.362 

3.498 

17.762 

0.0666 

20.352 

3.996 

17.752 

0.075 

20.337 

4.5 

17.737 

0.0833 

20.327 

4.998 

17.727 

0.0916 

20.321 

5.496 

17.721 

0.1 

20.316 

6 

17.716 

0.1083 

20.311 

6.498 

17.711 

0.1166 

20.306 

6.996 

17.706 

0.125 

20.296 

7.5 

17.696 

0.1333 

20.296 

7.998 

17.696 

0.1416 

20.291 

8.496 

17.691 

0.15 

20.286 

9 

17.686 

0.1583 

20.281 

9.498 

17.681 

0.1666 

20.281 

9.996 

17.681 

0.175 

20.276 

10.5 

17.676 

0.1833 

20.276 

10.998 

17.676 

0.1916 

20.271 

11.496 

17.671 

0.2 

20.271 

12 

17.671 

0.2083 

20.271 

12.498 

17.671 

0.2166 

20.266 

12.996 

17.666 

0.225 

20.266 

13.5 

17.666 
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0.2333 

0.2416 

0.25 

0.2583 

0.2666 

0.275 

0.2833 

0.2916 

0.3 

0.3083 

0.3166 

0.325 

0.3333 

0.35 

0.3666 

0.3833 

0.4 

0.4166 

0.4333 

0.45 

0.4666 

0.4833 

0.5 

0.5166 

0.5333 

0.55 

0.5666 

0.5833 

0.6 

0.6166 

0.6333 

0.65 

0.6666 


20.266 

20.261 

20.261 

20.261 

20.256 

20.256 

20.256 

20.256 

20.251 

20.251 

20.251 

20.251 

20.251 

20.246 

20.246 

20.246 

20.241 

20.241 

20.236 

20.236 

20.236 

20.236 

20.231 

20.231 

20.231 

20.231 

20.231 

20.231 

20.226 

20.226 

20.226 

20.226 

20.22 


13.998 

14.496 
15 

15.498 

15.996 

16.5 

16.998 

17.496 
18 

18.498 

18.996 

19.5 

19.998 
21 

21.996 

22.998 
24 

24.996 

25.998 
27 

27.996 

28.998 
30 

30.996 

31.998 
33 

33.996 

34.998 
36 

36.996 

37.998 
39 

39.996 


17.666] 
17.661' 
1 7*661  T 
17.661 
17.6561 
17.656 
17.656 : 
17.656 

17.651 

17.651 

17.651 

17.651 

17.651 

17.646 

17.646 

17.646 
17.641 
17.641 

17.636 

17.636 

17.636 

17.636 

17.631 

17.631 

17.631 

17.631 

17.631 

17.631 

17.626 

17.626 

17.626 

17.626 

17.62 


0.6833 

0.7 

0.7166 

0.7333 

0.75 

0.7666 

0.7833 

0.8 

0.8166 

0.8333 

0.85 

0.8666 

0.8833 

0.9 

0.9166 

0.9333 


20.22 

20.22 

20.22 

20.22 

20.22 

20.22 

20.22 

20.215 

20.215 

20.215 

20.215 

20.215 

20.215 

20.215 

20.215 

20.215 


40.998 
42 

42.996 

43.998 
45 

45.996 

46.998 
48 

48.996 

49.998 
51 

51.996 

52.998 
54 

54.996 

55.998 


17.62 

17.62 

17.62 

17.62 

17.62 

17.62 

17.62 

17.615 

17.615 

17.615 

17.615 

17.615 

17.615 

17.615 

17.615 

17.615 
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0.95!  20.215|  57 

17.615! 

0.9666  20.21|  57.996 

17.611 

0.98331  20.21 1  58.998 

17.61 

j 

1  20.21 

j  60 

17.61 

i 

1.2  20.205 

72 

17.605 

! 

1.4!  20.2 

84 

17.6 

i 

1.6;  20.195 

96 

17.595 

!  j 

1 .8 1  20.195 

108 

17.595 

| 

T!  20.19 

120 

17.59 

! 

i 

2.2 

20.19 

132 

17.59 

1  2.4 

20.185 

144 

17.585 

i 

2.6 

20.185 

156 

17.585 

2.8 

20.185 

168 

17.585 

3 

20.18 

180 

17.58 

3.2 

20.175 

192 

17.575 

3.4 

20.175 

204 

17.575 

3.6 

20.17 

216 

17.57 

3.8 

20.17 

228 

17.57 

4 

20.17 

240 

17.57 

4.2 

20.17 

252 

17.57 

4.4 

20.17 

264 

17.57 

4.6 

20.165 

276 

17.565 

4.8 

20.165 

288 

17.565 

5 

20.165 

300 

17.565 

5.2 

20.16 

312 

17.56 

5.4 

20.16 

324 

17.56 

5.6 

20.16 

336 

17.56 

5.8 

20.16 

348 

17.56 

6 

20.155 

360 

17.555 

6.2 

20.16 

372 

17.56 

6.4 

20.155 

384 

17.555 

6.6 

20.155 

396 

17.555 

6.8 

20.15 

408 

17.55 

7 

20.15 

420 

17.55 

7.2 

20.15 

432 

17.55 

7.4 

20.15 

444 

17.55 

7.6 

20.145 

456 

17.545 

7.8 

20.145 

468 

17.545 

8 

20.145 

480 

17.545 

8.2 

20.145 

492 

17.545 

8.4 

20.145 

504 

17.545 

8.6 

20.145 

516 

17.545 

8.8 

20.14 

528 

17.54 

9 

20.145 

540 

17.545 

9.2 

20.14 

552 

17.54 

9.4 

20.14 

564 

17.54 

9.6 

20.14 

576 

17.54 

9.8 

20.135 

588 

17.535 

10 

20.14 

600 

17.54 
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12 

20.13  720 

17.53 

i 

14 

20.125  8401 

17.525 

| 

; 

16 

20.119  960 

17.519 

_ 

18 

20.109  1080 

17.509 

20 ' 

20.104  1200 

17.504 

_ i _ 

22 

20.099  1320 

17.499 

241 

20.094:  1440 

17.494 

26 

20.089;  1560 

17.489 

j 

28 

20.084;  1680 

17.484 

30 

20.079|  1800 

17.479 

3Z 

20.074 

1920 

17.474 

34 

20.0741 

2040 

17.474 

36 

20.069 

2160 

17.469 

38 

20.069 

2280 

17.469 

40 

20.064 

2400 

17.464 

42 

20.059 

2520 

17.459 

44 

20.054 

2640 

17.454 

46 

20.054 

2760 

17.454 

48 

20.049 

2880 

17.449 

50 

20.0491 

3000" 

17.449 

52 

20.049 

3120 

17.449 

54 

20.044 

3240 

17.444 

56 

20.039 

3360 

17.439 

58 

20.039 

3480 

17.439 

60 

20.034 

3600 

17.434 
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Monitoring  Well  #6  Slug  Test 


SE20 

Environment 

| 

• 

i 

— 

— 

— 

'  Mnnitnrinn  Wall 

11/26  2 

25 

— 

24.8 

24.6 

s  24  4 

5 

O  24.2 

24 

23.8 

23.6 

- — - — | - - - i - - 4 _ 

Unit#  FTA 

INPUT  1:  Lev 

Reference 

PSI  at  Ref. 

SG 

Linearity 

Scale  factor 

Offset 

Delay  mSEC 

0-1  1  10  100 

StepO  11/25 

Time  (s) 

L 

Elapsed  Time 

INPUT  1 

Elapsed  Time 

INPUT  1 

(minutes) 

(TOC  -ft) 

(seconds) 

(from  ground  (ft) 

0 

28.162 

0 

25.272 

0.0083 

27.864 

0.498 

24.974 

0.0166 

27.617 

0.996 

24.727 

0.025 

27.44 

1.5 

24.55 

0.0333 

27.303 

1.998 

24.413 

0.0416 

27.207 

2.496 

24.317 

0.05 

27.142 

3 

24.252 

0.0583 

27.101 

3.498 

24.211 

0.0666 

27.071 

3.996 

24.181 

0.075 

27.041 

4.5 

24.151 

0.0833 

27.021 

4.998 

24.131 

0.0916 

27.005 

5.496 

24.115 

0.1 

26.99 

6 

24.1 

0.1083 

26.98 

6.498 

24.09 

0.1166 

26.97 

6.996 

24.08 

0.125 

26.96 

7.5 

24.07 

0.1333 

26.955 

7.998 

24.065 

0.1416 

26.945 

8.496 

24.055 

0.15 

26.94 

9 

24.05 

0.1583 

26.935 

9.498 

24.045 

0.1666 

26.925 

9.996 

24.035 

0.175 

26.925 

10.5 

24.035 

0.1833 

26.92 

10.998 

24.03 

0.1916 

26.915 

11.496 

24.025 

0.2 

26.91 

12 

24.02 

0.2083 

26.904 

12.498 

24.014 

0.2166 

26.904 

12.996 

24.014 

0.225 

26.899 

13.5 

24.009 
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0.2333 

0.2416 

0.25 

0.2583 

0.2666 

0.275 

0.2833 

0.2916 

0.3 

0.3083 

0.3166 

0.325 

0.3333 

0.35 

0.3666 

0.3833 

0.4 

0.4166 

0.4333 

0.45 

0.4666 

0.4833 

0.5 

0.5166 

0.5333 

0.55 

0.5666 

0.5833 

0.6 

0.6166 

0.6333 

0.65 

0.6666 

0.6833 

0.7 

0.7166 

0.7333 

0.75 

0.7666 

0.7833 

0.8 

0.8166 

0.8333 

0.85 

0.8666 

0.8833 

0.9 

0.9166 

0.9333 


26.894 

26.894 

26.894 

26.889 

26.889 

26.884 

26.884 

26.884 

26.879 

26.879 

26.879 

26.874 

26.874 

26.869 

26.869 

26.864 

26.864 

26.864 

26.859 

26.859 

26.859 

26.854 

26.854 

26.849 

26.849 

26.849 

26.849 

26.844 

26.844 

26.844 

26.844 

26.839 

26.839 

26.839 

26.839 

26.839 

26.834 

26.834 

26.834 

26.834 

26.834 

26.829 

26.829 

26.829 

26.829 

26.829 

26.829 

26.829 

26.829 


13.998; 

14.496^ 

15; 

15.498 

15.996 
16.5! 

16.998 

17.496! 

' . 18| 

18.498 

18.996 
19.5 

19.998 
21 

21.996 

22.998 
24 

24.996 

25.998 
27 

27.996 

28.998 
30 

30.996 

31.998 
33 

33.996 

34.998 
36 

36.996 

37.998 
39 

39.996 

40.998 
42 

42.996 

43.998 
45 

45.996 

46.998 
48 

48.996 

49.998 
51 

51.996 

52.998 
54 

54.996 

55.998 


24.004 

24.004 

24.004 

23.999 

23.999 

23.994 

23.994 

23.994 

23.989 

23.989 

23.989 

23.984 

23.984 

23.979 

23.979 

23.974 

23.974 

23.974 

23.969 

23.969 

23.969 

23.964 

23.964 

23.959 

23.959 

23.959 

23.959 

23.954 

23.954 

23.954 

23.954 

23.949 

23.949 

23.949 

23.949 

23.949 

23.944 

23.944 

23.944 

23.944 

23.944 

23.939 

23.939 

23.939 

23.939 

23.939 

23.939 

23.939 

23.939 
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0.95 

0.9666 

0.9833 

1 

1.2 

1.4 

1.6 

1.8 

2 

2.2 

2.4 

2.6 

2.8 

3 

3.2 

3.4 

3.6 

3.8 

4 

4.2 

4.4 

4.6 

4.8 

5 

5.2 

5.4 

5.6 

5.8 

6 

6.2 

6.4 

6.6 

6.8 

7 

7.2 

7.4 

7.6 

7.8 

8 

8.2 

8.4 

8.6 

8.8 
9 

9.2 

9.4 

9.6 

9.8 
10 


26.824 

26.824 

26.824 

26.824 

26.819 

26.814 

26.803 

26.798 

26.793 

26.788 

26.788 

26.783 

26.783 

26.778 

26.773 

26.773 

26.773 

26.773 

26.773 

26.768 

26.768 

26.768 

26.768 

26.763 

26.758 

26.758 

26.758 

26.758 

26.753 

26.753 

26.753 

26.753 

26.753 

26.748 

26.748 

26.748 

26.743 

26.743 

26.743 

26.738 

26.738 

26.738 

26.738 

26.733 

26.733 

26.728 

26.728 

26.728 

26.728 


57 

57.996 

58.998 

60 

72 

84 

96 

108 

120 

132 

144 

156 

168 

180 

192 

204 

216 

228 

240 

252 

264 

276 

288 

300 

312 

324 

336 

348 

360 

372 

384 

396 

408 

420 

432 

444 

456 

468 

480 

492 

504 

516 

528 

540 

552 

564 

576 

588 

600 


23.934 
23.934' 
23.934 
23.934' 
23.929 
23.924 
23.913! 
23.908 1 
23.903 
23.898 ' 
23.898 
23.893 
23.893 
23.888 

23.883 

23.883 

23.883 
23.883 ' 
23.883' 
23.878 
23.878 ' 
23.878 
23.878 ' 
23.873 " 
23.868 ' 
23.868 
23.868 " 
23.868  “ 
23.863 ' 
23.863 " 
23.863 ' 
23.863  " 
23.863 
23.858 " 
23.858 ' 
23.858 " 
23.853  ‘ 
23.853  * 
23.853 " 
23.848  “ 
23.848 " 
23.848  “ 
23.848 " 
23.843  “ 
23.843 " 
23.838 ' 

23.838  “ 

23.838  " 

23.838  " 
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12!  26.718 

720 

23.828 

00 

CO 

eg 

T“ 

! 

840 

23.828 

16!  26.707 

960 

23.817 

18!  26.697 

1080 

23.807 

1 

20!  26.692 

1200 

23.802 

22 1  26.682 

1320 

23.792" 

24 

26.677 

1440 

23.787 

i 

26 

26.672 

1560 

23.782 

! 

28 

26.667 

1680 

23.777 

30 

26.662 

1800 

23.772 

32 

26.652 

1920 

23.762 

34 

26.647 

2040 

23.757 

36 

26.647 

2160 

23.757 

38 

26.637 

2280" 

23.747 

40 

26.637 

2400 

23.747 

42 

26.632 

2520 

23.742 

44 

26.627 

2640 

23.737 

46 

26.627 

2760 

23.737 

48 

26.622 

2880 

23.732 

50 

26.622 

3000 

23.732 

52 

26.612 

3120" 

23.722 

54 

26.612 

3240 

23.722 
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Monitoring  Well  #7  Slug  Test 

!  i  1 

SE200  1  0 

j 

Environmenta  1 1  Logger 

rJ  18.4 

Monitoring  Well  #7 

11/26  21 

:29 

—  '■■■■■•  - — 4- - ,|  . . V  '  t  iim  '  •  j  '  _ 1 _ I _ 

1  1 8.2 

:  I 

Unit#  FTA 

Test  4 

18 

17.8 

_  17.6 

JO 

INPUT  1:  Lev  1  (F)  TOC  j 

Reference 

19.65 

g  17.4 
0 

17.2 

17 

16.8 

16.6  - 

16.4  - 

PSI  at  Ref. 

9.181 

SG 

1 

Linearity 

0 

Scale  factor 

16 

Offset 

4 

Delay  mSEC 

50 

0.1  1  10  100  1000  10000 

StepO  11/25 

13:38:19 

Time  (s) 

Elapsed  Time 

INPUT  1 

Elapsed  Time 

INPUT  1 

(minutes) 

(TOC  -ft) 

(seconds) 

(from  ground  (ft) 

0 

28.291 

0 

18.561 

0.0083 

28.084 

0.498 

18.354 

0.0166 

27.983 

0.996 

18.253 

0.025 

27.826 

1.5 

18.096 

0.0333 

27.72 

1.998 

17.99 

0.0416 

27.614 

2.496 

17.884 

0.05 

- __l 

27.508 

3 

17.778 

0.0583 

27.427 

3.498 

17.697 

0.0666 

27.341 

3.996 

17.611 

0.075 

27.301 

4.5 

17.571 

0.0833 

27.261 

4.998 

17.531 

0.0916 

27.22 

5.496 

17.49 

0.1 

27.19 

6 

17.46 

0.1083 

27.165 

6.498 

17.435 

0.1166 

27.144 

6.996 

17.414 

0.125 

27.129 

7.5 

17.399 

0.1333 

27.114 

7.998 

17.384 

0.1416 

27.099 

8.496 

17.369 

0.15 

27.089 

9 

17.359 

0.1583 

27.079 

9.498 

17.349 

0.1666 

27.069 

9.996 

17.339 

0.175 

27.058 

10.5 

17.328 

0.1833 

27.053 

10.998 

17.323 

0.1916 

27.048 

11.496 

17.318 

0.2 

27.038 

12 

17.308 

0.2083 

27.033 

12.498 

17.303 

0.2166 

27.028 

12.996 

17.298 

0.225 

27.023 

13.5 

17.293 

AII_Slug_data.xls 


Appendix  G,  Attachment  1,  Page  42 


0.2333 

27.018 

13.998 

17.288j 

0.2416 

27.018 

14.496 

17.288 

0.25 

27.013 

15 

17.283 

.  . 

0.2583 

27.008 

15.498 

17.278 

0.2666 

27.003 

15.996 

17.273 

0.2751 

26.998 

16.5 

17.268 

0.2833 

26.998 

16.998 

17.268 

0.2916 

26.993 

17.496 

17.263 

0.3 

26.993 

18 

17.263 

0.3083 

26.988 

18.498 

17.258 

0.3166 

26.988 

18.996 

17.258 

0.325 

26.983 

19.5 

17.253 

0.3333 

26.983 

19.998 

17.253 

0.35 

26.978 

21 

17.248 

0.3666 

26.973 

21.996 

17.243 

0.3833 

26.968 

22.998 

17.238 

0.4 

26.963 

24 

17.233 

0.4166 

26.963 

24.996 

17.233 

0.4333 

26.942 

25.998 

17.212 

0.45 

26.952 

27 

17.222 

0.4666 

26.952 

27.996 

17.222 

0.4833 

26.947 

28.998 

17.217 

0.5 

26.947 

30 

17.217 

0.5166 

26.942 

30.996 

17.212 

0.5333 

26.942 

31.998 

17.212 

0.55 

26.937 

33 

17.207 

0.5666 

26.937 

33.996 

17.207 

0.5833 

26.932 

34.998 

17.202 

0.6 

26.932 

36 

17.202 

! 

0.6166 

26.927 

36.996 

17.197 

i 

i 

0.6333 

26.927 

37.998 

17.197“ 

j 

0.65 

26.927 

39 

17.197 

0.6666 

26.922 

39.996 

17.192 

0.6833 

26.922 

40.998 

17.192 

0.7 

26.917 

42 

17.187 

0.7166 

26.917 

42.996 

17.187 

0.7333 

26.917 

43.998 

17.187 

0.75 

26.912 

45 

17.182 

0.7666 

26.912 

45.996 

17.182 

0.7833 

26.912 

46.998 

17.182 

0.8 

26.912 

48 

17.182 

0.8166 

26.907 

48.996 

17.177 

0.8333 

26.907 

49.998 

17.177 

0.85 

26.907 

51 

17.177 

0.8666 

26.907 

51.996 

17.177 

0.8833 

26.902 

52.998 

17.172 

0.9 

26.902 

54 

17.172 

0.9166 

26.902 

54.996 

17.172 

.....  _i 

0.9333 

26.897 

55.998 

17.167 
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0.95 

26.897 

57 1  17.167 

0.9666 

26.897 

57.996!  17.167 

0.9833 

26.892 

58.998 

17.162 

1 

26.892 

60 

17.162 

1.2 

26.882 

72 

17.152 

1.4 

26.867 

84 

17.137 

1.6 

26.856 

96 

17.126 

1.8 

26.846 

108 

17.116 

2 

26.836 

120 

17.106 

2.2 

26.831 

132 

17.101 

2.4 

26.821 

144 

17.091 

2.6 

26.816 

156 

17.086 

2.8 

26.811 

168 

17.081 

3 

26.801 

180 

17.071 

3.2 

26.796 

192 

17.066 

3.4 

26.791 

204 

17.061 

3.6 

26.786 

216 

17.056 

3.8 

26.781 

228 

17.051 

4 

26.776 

240 

17.046 

4.2 

26.771 

252 

17.041 

4.4 

26.766 

264 

17.036 

4.6 

26.761 

276 

17.031 

4.8 

26.755 

288 

17.025 

5 

26.75 

300 

17.02 

5.2 

26.745 

312 

17.015 

5.4 

26.74 

324 

17.01 

5.6 

26.735 

336 

17.005 

5.8 

26.73 

348 

17 

6 

26.725 

360 

16.995 

6.2 

26.72 

372 

16.99 

6.4 

26.715 

384 

16.985 

6.6 

26.71 

396 

16.98 

6.8 

26.71 

408 

16.98 

7 

26.705 

420 

16.975 

7.2 

26.7 

432 

16.97 

7.4 

26.695 

444 

16.965 

7.6 

26.69 

456 

16.96 

7.8 

26.69 

468 

16.96 

8 

26.685 

480 

16.955 

8.2 

26.68 

492 

16.95 

8.4 

26.675 

504 

16.945 

8.6 

26.675 

516 

16.945 

8.8 

26.67 

528 

16.94 

9 

26.665 

540 

16.935 

9.2 

26.665 

552 

16.935 

9.4 

26.66 

564 

16.93 

9.6 

26.654 

576 

16.924 

9.8 

26.654 

588 

16.924 

10 

26.649 

600 

16.919 
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FWA  SI  Report 


Appendix  G  -  Attachment  2-  Page-1 


Well  ID:FWAPZ02  (test  1) 

Start  Time:961 121 1 13259.0 

rw:.333 

Depth  SWL  (t=ra):22.01 

L:4.99 

Water  Level  (t=0):6.852 

D:7.99 

rc:.0833 

H:4.99 

i860 


Tt 

Yo 


WELL  I.D.  :  PZ2-2 


H. 8c 

I. 91 

0.28 

846.71  sec. 
0.1669  ft 
0.7820  ft 
0.0000022128  ft/ 


VW. - h  ■  1  ,-~r . . 1 - - - L~ 

0  15300  30720  -19158  -1098 

t  -  Seconds 


WELL  I.D.  :  PZ'3 


1U 


9 


0 


10° 


101 


ID2 

L/rw 


L/rv,'  =  21.12 

A  -  2.06 

B  =  0.30 

t  =  2398.03  sec. 

T't  =  2.9590  ft 
To  =1.4180  ft 
K  =  0.0000001690  ft/s 


Well  ID:FWAPZ03 

Start  Time:961 125163815.0  rw:0.333 

Depth  SWL  (t=ro):23.86  L:7.14 

Water  Level  (t=0):4.304  D:9.14 

rc:0.083  H:7.14 


If.  HD 


WELL  I.D.  :  FZ5 


L/r»  =  17.31 
A  =  1.97 
B  =  0.29 
t  =  182.15  sec. 

Tt  =1.1928  ft 
Yo  =  5.1060  ft 
K  =  0.0000012861  ft/s 


Well  ID:FWAPZ05 
Start  Time:961 126083319.0 
Depth  SWL  (t=w):  17.23 
Water  Level  (t=0):.9570 
rc:0.083 


rw:0.333 

U5.ll 

D:6.27 

H:5.77 


H 

1 0 

/  p 

101 

- 

10 

/ 

. 

A  8 

■  /A 

- 

8  fi 

// 

c, 

- 

c; 

/  /•'■  B 

/:  / 

- 

0 

r? 

£  _ 

- 

0 

L. 

/ 

- 

iE 

, 

o 

_  L  _ 1 _ i  t  ■  LiJLi 

0 

f  10°  : 

r 

10°  101  I02  10s  1C 

r 

—  | 

r 

r 

L/rw 

L/rw  =  12.60 

A  =1.87 

. “:-V.  -  , 

i  ‘  ■  , 

B  =  0.28 

. .  l  L  1  'ji  1  'j-l . .  L _ i.  • 

t  =  1252.19  sec. 

o 

i  1920  3810  5760 

Yt  -  0.2031  ft 

t  -  Seconds 

Yo  =1.1210  ft 

1 

(  =  0.0000019263  ft/s 

WELL  I.D.  :  | 

pz6 

Well  ID:FWAPZ06 

Start  Time:961 126142514.0  rw:0.333 

Depth  SWL  (t=tn):  18.8  L:4.2 

Water  Level  (t=0):  18.62  D:20.2 

rc:0.083  H:4.2 


0  480  900  H40  1920  2100  2880 

t  -  Seconds 


WELL  I.D.  :  HW3 


Well  ID:FWAMW03 

Start  Time:961 126101833.0  rw:0.333 

Depth  SWL  (t=tu):  17.37  L:7.43 

Water  Level  (t=0): 5.9 15  D:7.5 

rc:0.083  H:7.43 


Well  ID:FWAMW04 

Start  Time:961 126120713.0  rw:0.333 

Depth  SWL(t=w):  17.41  L:6.59 

Water  Level  (t=0):20.864  D:21 .59 

rc:0.083  H:6.59 


.Hf> 


If!5 


L 


"•'■■f,’'  . ! i..i .. 


m  1920  2380 

t  -  Seconds 


WELL  I.D.  : 


A  =  2.00 

B  =  0.30 

t  =  112.05  sec. 

Yt  =  1.3127  ft 

To  z  2.1510  ft 

K  =  0.0000013916  ft/s 


Well  ID:FWAMW06 
Start  Time:961 1251 10342.0 
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Appendix  H,  which  contains  the  laboratory  data  packages  and  Data  Evaluation  Report  for  this 
report,  is  maintained  at  the  Buckley  Air  National  Guard  Base  Repository  for  the  Former  Warehouse 
Area  Site  Investigation. 

This  information  is  available  for  public  review.  For  further  information  contact: 

Mr.  Chris  Jarboe 

Air  National  Guard  Project  Manager 
National  Guard  Bureau  Readiness  Center 
3500  Fetchet  Avenue 
Andrews  AFB,  MD  20762-5157 
(301)  836-8779 

Ms.  Haley  Wihongi 

Buckley  Air  National  Guard  Base  Environmental  Manager 
PAG/CO/Installation/CEV,  Stop  26 
660  South  Aspen  Street 

Buckley  Air  National  Guard  Base,  Colorado  800 11-9551 
(303)340-6276 

Cpt.  James  Tipton 

Buckley  Air  National  Guard  Base  Project  Manager 
PAG/CO/Installation/CEV,  Stop  26 
660  South  Aspen  Street 

Buckley  Air  National  Guard  Base,  Colorado  8001 1-955 1 
(303)340-9100 

To  schedule  an  appointmentto  review  Appendix  H  contact  Buckley  Air  National  Guard  Base  at  the 
above. 
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APPENDIX  J 


Survey  Data 


Former  Warehouse  Area  Site  Investigation 
Buckley  Air  National  Guard  Base 
Aurora,  Colorado 


Surveyed  horizontal  and  vertical  position  of  soil  borings, 
piezometers,  and  monitoring  wells. 
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STONE  &  WEBSTER  ENGINEERING  CORP .  JOB  NO.  96-1005 

BUCKLEY  AIR  NAT.  GUARD  BASE  DECEMBER  19,  1996 

W.O.  575001515  ZYLSTRA  BAKER  SURVEYING,  INC. 

1510  W.  TUFTS  AVE. 
ENGLEWOOD,  CO  80110 
PH.  (303)  781-0700 

FAX  (303)  781-4193 


PRIMARY  CONTROL  POINT.  GEODETIC  COORDINATES  PROVIDED. 

LATITUDE  LONGITUDE  ELEVATION 

39°42 1 53 . 93"  N  104°45 ' 41 . 11"  W  5588.71 

GEODETIC  COORDINATES  OF  THE  FOLLOWING  POINTS  WERE  DETERMINED  BY  GLOBAL 
POSITIONING  SYSTEM  (G.P.S.)  SURVEY  IN  NOVEMBER,  1996.  THE  GEODETIC 
COORDINATES  OF  POINT  20  WERE  HELD  DURING  THE  NETWORK  ADJUSTMENT. 
ELEVATIONS  DETERMINED  BY  DIFFERENTIAL  LEVELING  BASED  ON  POINT  NUMBER  20. 

GEODETIC  COORDINATES  OF  ADDITIONAL  POINTS 


PT  # 

LATITUDE 

LONGITUDE 

ELEVATION 

10 

39°43'27. 250545" 

N 

IO4045154.254423" 

w 

5537.23 

11 

39°43'28. 279488" 

N 

104°46'18. 331990" 

w 

5526.31 

12 

39°43'20. 654697" 

N 

104°46' 12. 538303" 

w 

5542.81 

UNMODIFIED  STATE  PLANE  COORDINATES,  COLORADO  CENTRAL  ZONE,  OF  CONTROL 
AND  ADDITIONAL  POINTS  IN  FEET. 


PT  # 
20 


PT  # 

NORTHING 

EASTING 

10 

1689518.717 

3206722.595 

11 

1689607.678 

3204840.526 

12 

1688839.820 

3205299.396 

20 

1686155.616 

3207777.009 

THE  STATE  PLANE  COORDINATES  WERE  THEN  MODIFIED  USING  THE  FOLLOWING 
PARAMETERS : 

MEAN  ELEVATION  -  H  =  5548.77  FEET 

MEAN  ELLIPSOID  RADIUS  -  R  =  20925604.5  FEET 

MEAN  SEA  LEVEL  FACTOR  -  R/R+H  =  SLF  =  0.999734903881 

MEAN  GRID  FACTOR  -  GF  =  0.9994495265 

COMBINED  SCALE  FACTOR  -  SLF  *  GF  =  SF  =  0.999729400605 
FINAL  FACTOR  l/CF  =  F  =  1.000270627264 

COORDINATES  LISTED  BELOW  ARE  MODIFIED  STATE  PLANE  COORDINATES,  COLORADO 
CENTRAL  ZONE.  ELEVATIONS  ARE  BASED  UPON  DIFFERENTIAL  LEVEL  LOOPS  RUN 
THROUGH  ALL  POINTS,  THE  BASIS  FOR  THE  ELEVATIONS  WAS  A  PROVIDED 
ELEVATION  OF  5588.71  FOR  A  2  1/2"  BRASS  DISK 
LOCATED  AT  THE  NORTH  END  OF  RUNWAY  14  (PT  #  20) . 
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PT  # 


DESIGNATION  NORTHING 


EASTING 


ELEVATION 


10  1689976.024  3207590.567  5537.23 

1  1/2"  ALUM  CAP  FLUSH  WITH  GROUND  MARKED  ZBS  INC,  PLS  11434 

11  1690065.008  3205707.988  5526.31 

1  1/2"  ALUM  CAP  FLUSH  WITH  GROUND  MARKED  ZBS  INC,  PLS  11434 

12  1689296.942  3206166.983  5542.81 

1  1/2"  ALUM  CAP  FLUSH  WITH  GROUND  MARKED  ZBS  INC,  PLS  11434 

20  1686612.012  3208645.267  5588.71 

2  1/2"  BRASS  DISK  AT  CONCRETE /ASPHALT  JOINT  NORTH  END  OF 
RUNWAY  14  MARKED  WITH  CENTER  POINT 


PT  # 

DESIGNATION 

NORTHING 

EASTING 

ELEVATION 

1015 

PZ1 

1689256.965 

3205632.808 

GROUND 

TOP  CASING 

5533.12 

5535.86 

1026 

PZ2 

1689829.640 

3206140.113 

GROUND 

TOP  CASING 

5537.76 

5540.66 

1029 

PZ3 

1690386.630 

3205731.066 

GROUND 

TOP  CASING 

5523.78 

5526.58 

1010 

PZ4 

1689856.276 

3207179.122 

GROUND 

TOP  CASING 

5543.39 

5545.69 

1031 

PZ5 

1690402.858 

3206639.136 

GROUND 

TOP  CASING 

5527.97 

5530.90 

1043 

PZ6 

1690413.121 

3207790.642 

GROUND 

TOP  CASING 

5524.09 

5526.90 

1012 

MW1 

1689462.266 

3207101.205 

GROUND 

5550.63 

1030 

MW2 

1690396.854 

3206252.589 

GROUND 

5528.01 

1037 

MW3 

1690406.393 

3207022.889 

GROUND 

TOP  CASING 

5528.07 

5530.80 

1041 

MW4 

1690406.259 

3207402.664 

GROUND 

TOP  CASING 

5527.01 

5529.61 

1013 

MW5 

1689276.112 

3206150.029 

GROUND 

5542.71 

1019 

MW6 

1689818.742 

3205587.678 

GROUND 

TOP  CASING 

5528.69 

5531.58 
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PT  # 

DESIGNATION 

NORTHING 

EASTING 

ELEVATION 

1027 

MW7 

1689906.097 

3205705.091 

GROUND 

OP  CASING 

5526.79 

5529.52 

1024 

SB01 

1689837.002 

3205833.578 

GROUND 

5531.21 

1025 

SB02 

1689806.985 

3205849.601 

GROUND 

5532.15 

1022 

SB03 

1689784.591 

3205832.807 

GROUND 

5532.79 

1023 

SB04 

1689804.629 

3205821.010 

GROUND 

5531.65 

1021 

SB05 

1689721.979 

3205730.316 

GROUND 

5531.60 

1017 

SB06 

1689673.120 

3205682.165 

GROUND 

5530.86 

1016 

SB07 

1689568.849 

3205579.181 

GROUND 

5529.12 

1020 

SB08 

1689868.368 

3205678.022 

GROUND 

5529.18 

1044 

SB09 

1690260.591 

3207627.349 

GROUND 

5534.74 

1046 

SB10 

1690132.943 

3207430.204 

GROUND 

5535.65 

1045 

SB11 

1690180.844 

3207529.683 

GROUND 

5534.86 

1032 

SB12 

1690243.363 

3206781.220 

GROUND 

5534.41 

1035 

SB13 

1690212.876 

3207004.328 

GROUND 

5536.06 

1036 

SB14 

1690347.955 

3206969.031 

GROUND 

5533.57 

1033 

SB15 

1690171.496 

3206883.281 

GROUND 

5535.71 

1042 

SB16 

1690308.629 

3207479.100 

GROUND 

5535.59 

1039 

SB17 

1690257.609 

3207337.204 

GROUND 

5535.94 

1038 

SB18 

1690301.516 

3207180.041 

GROUND 

5535.58 

1040 

SB19 

1690199.775 

3207182.877 

GROUND 

5534.01 

1034 

SB20 

1690173.363 

3206983.876 

GROUND 

5536.22 

FWA  SI  Report 


Appendix  J-3 


This  page  intentionally  left  blank. 


APPENDIX  K 


Groundwater  Sampling  Field  Parameters 


Former  Warehouse  Area  Site  Investigation 
Buckley  Air  National  Guard  Base 
Aurora,  Colorado 


Groundwater  field  parameters  -  pH,  conductivity,  temperature,  and  dissolved  oxygen 
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Appendix  K 

Groundwater  Sampling  Field  Parameters 
pH,  Conductivity,  Temperature,  and  Dissolved  Oxygen  Measurements 
Former  Warehouse  Area  -  Site  Investigation 


.  .  '..  Vy/:*;. 


B 

a 

0> 

s? 

o 


u 

5S 

*H 

cs 

1m 

QJ 

ft 

S 

o 

H 


a 

3 

2 

3 

3 

no 

fl 

o 

U 


s 

a 


u 

a> 

o 

WD  § 

.5  N 

U  4> 
11 
I  I 


fS 


O 

O  'O 

S 

i  cd 
o  *h 

VO  w 


so 

(N 


OS 

SO 


SO 


SO 

SO 


m 

t- 


oo 


so 


&  : 

Uh 

tu 

tu  1 

FWA  SI  Report  Appendix  K-l 


This  page  intentionally  left  blank. 


